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Moft  Noble  and  Right  Honourable 

T  H  O  MAS 

Lord  PAR  K  E  R, 

Baron  of  Macclesfield, 

% 

LordH  1 G  H-C  HANCELLO  R 

of  GREAT-BR  IT  AIN,  &c. 

My  Lord, 

F  whilft  Your  Lordfhip’s  Hours 
are  taken  up  with  an  Em¬ 
ployment  of  the  greateft:  Fa¬ 
tigue  as  well  as  the  higheft 
Honour,  there  can  be  any  Time  allow’d 
for  Recreation,  your  Lordfhip  makes 

that 
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that  Your  Diverlion,  which  few  can  at¬ 
tain  to  without  painful  Application  and 
laborious  Study.  To  become  a  skilful 
Mathematician  and  a  found  Philofopher, 
and  at  the  fame  time  fhine  in  other  Parts 
of  Learning,  requires  a  great  and  exten- 
live  Genius :  But  to  lead  a  Life  of  Bu- 
linefs,  and  be  eminent  in  the  Law, 
where  Reputation  is  only  got  by  conflant 
Pra&ice  as  well  as  Brightnefs  of  Parts  : 
And  yet,  in  thofe  few  Minutes  of  Lei- 
lure  that  are  allow’d  to  breath  in,  and 
are,  as  it  were,  ftol  n  from  Sleep  j  to 
play  with  all  the  Intricacies  of  Lines  and 
Numbers,  to  view  and  underlfand  the 
Syltem  of  the  World,  the  Proportion,  , 
Symmetry,  and  Harmony  of  its  feveral 
Parts  5  to  be  acquainted  with  all  the  Ex¬ 
periments  of  Confequence  that  have  been 
made,  and  be  able  to  contrive  new  ones  j 
as  ufeful  as  inlfrudtive:  was  only  referv’d  . 
to  Men  of  uncommon  Capacities,  and 
to  none  in  fo  eminent  a  Degree  as  to 
your  Lordfhip. 

The  Honour  I  have  had  of  being  ad- 
mitted  into  your  Loidfhip’s  Converfa-  |j 

tion, 
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tion,  has  given  me  an  Opportunity  to 
know  which  of  the  Mathematical  Scien¬ 
ces  are  chiefly  lik’d  by  you  :  And  as 
Aflronomy  and  Optich  feem  to  have  the 
Preference,  I  thought  this  Tranflation  of 
Dr.  s  Grave  fande  s  Second  Volume  wou’d 
not  be  unacceptable. 

Here  you  have  the  Principles  of  the 
common  Optics  reduc’d  iuto  a  fmail 
Compafs,  and  confirm’d  by  new  Expe¬ 
riments  of  the  Author’s  own  Invention : 
A  fine  Application  of  the  Adtion  of  Ele- 
dtric  Bodies  to  difcover  the  Nature  of 
Fire:  And  Sir  Isaac  Newton’s 
Dodtrine  of  Light  and  Colours  prov’d, 
by  the  mod  confidcrable  of  his  Experi¬ 
ments,  which  Dr.  s  GraVeJande  performs 
with  an  Apparatus  very  ingenioufly  con¬ 
triv’d,  and  nicely  exprefsd  by  curious 
Figures.  The  la  ft  Part  of  this  Volume 
not  only  leads  a  Beginner  gradually  on 
from  the  mod  Ample  to  underftand  the 
mod  difficult  *P b&nomena  of  AJironomy  ■ 
but  gives  luch  a  phyiical  Account  of  the 
Celeftial  Motions  as  mud  be  fully  iatis- 
fadtory  to  the  beft  Geometricians.  There 

your 
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your  Lordfhip  will  fee  with  Pleafurc, 
that  that  there  are  Profelfors  abroad  who 
underftand  the  Principia  3  and  have  fo 
juft  a  Value  for  that  excellent  Book,  as 
to  take  Pains  to  propagate  the  wonderful 
Truths  which  it  demonftrates,  fo  as  to 
make  them  plain  to  fuch  Philolophers  as 
are  not  yet.  able  to  go  thro’  all  the  diffi¬ 
cult  Propofitions  from  whence  they  are 
deduc’d.  But  I  will  detain  your  Lord- 
fhip  no  longer,  either  from  the  impor¬ 
tant  Bufinefs  of  your  Station ,  or  the 
pleafing  Truths  of  the  Author,  than  while 
X  beg  leave  to  fubfcnbe  myfelf, 

My  Lord, 

r 

Your  Lordfhip’s 
moft  Oblig’d, 
moil  Obedient,  and 
moft  Humble  Servant, 


The  A  U THORS 

PREFACE 

Spoke  of  the  Method  of  reafoningto  be  ufed  in 
Natural  Philofophy,  in  the  fir  ft  C  hapter  of 
I  the  fir  ft  Volume ,  and  in  the  Preface  endea- 
ff*  - vourd  to  vindicate  the  goodnefs  of  the  Method 
1  have  follow’ d-  ‘There  are  feveral  remark¬ 
able  Specimens  of  this  Method  in  the  prefent  Volume,  which 
evidently  jhew  Sir  Ifaac  Newtorw  great  fuperiority  of 
Genius  above  all  other  Philofophers. 

Before  him ,  Naturalifts  were  in  the  Dark  in  numberlefs 
things  relating  to  Light ,  and  efpecially  to  Colours .  For  in - 
fiance ,  who  ever  fufpeEled  before ,  that  the  Opacity  of  Bodies 
depended  upon  their  Inter  ft  ices,  fo  that  a  Body  becomes 
tranfpatent,  when  thefe  Inter fhces  are  fill’d  with  a  Medium 
of  the  fame  Denfuy  as  the  Particles  of  the  Body  itfelf . 

His  Account  of  the  Planetary  Syfiem,  and  particularly 
of  the  Motion  of  the  Moon ,  is  not  lefs  worthy  of  eternal 
Praifes,  being  likely  to  carry  Aftronomy  to  a  greater  pitch  of 
Terfclhon,  than  the  niceft  Obfervations  alone  cou  d  pojftbly 

A  do • 
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do.  For  if  a  Man  is  acquainted  with  the  Laws ,  that 
govern  the  Syftem  of  the  World ,  he  will  he  able  to  make  a 
better  ufe  of  his  Obfervations,  and  to  compute  the  Motions 
of  the  heavenly  Bodies  more  exaBly,  than  if  he  had  nothing 
but  Obfervations  to  direB  him . 

It  was  my  Defign  in  thefe  two  Books ,  to  give  my  Reader 
a  general  Notion  of  the  chief  Things  dif cover  d  by  Sir  Ifaac 
Newton  in  Natural  Philofophy ,  and  thereby  to  encourage 
him  to  the  Study  of  the  more  abflrufe ,  and  at  the  fame  Time 
more  fublime  Parts  of  Mathematics ,  after  he  has  learned  the 
firfi  principles  of  Geometry  to  fit  him  for  the  reading  of  thefe 
plain  Elements .  He  will ,  as  it  were,  go  to  the  Fountain 
Head ,  when  he  reads  the  Writings  of  our  great  Philofopher, 
which  will  reveal  fuch  things  to  him,  as  were  unknown  to  the 
profoundefi  Philofophers  before  him ;  and  which ,  tho 
publifhed ,  are ftitt  a fecret  to  all  but  thorough  Mathematicians . 

/  have  only  a  few  Words  more  to  fay  to  the  Englifh 
Reader,  concerning  the  two  Englifh  Tranflatims  of  this 
Work. 

As  tedious  and  diflafieful  as  an  Author  s  complaints 
generally  prove,  they  cannot ,  however,  be  di f allow  d,  when 
they  are  grounded  upon  fuch  an  Injury  done  to  the  Author , 
as  it  is  his  Readers  inter  eft  to  be  inform’d  of 

Soon  after  the  publication  of  the  fir  ft  Volume  of  thefe 
Elements,  it  was  tranflated  into  Englifh,  and  printed  in 
London,  with  the  Name  of  a  Celebrated  Profejfor  of 
Mathematics,  eminent  for  his  Writings,  infcrib’d  on  the 
Title  Page,  as  if  he  had  look'd  over  and  corrected  this 
Tranflation.  But  whoever  examines  any  one  Page  in  the 
Book,  will  immediately  dif  cover  the  wrong  done  to  that 
Learned  Gentleman,  and  the  abufe  made  of  his  Name ; 
fiuce  he  will  every  where  perceive  manifeft  Signs  of  the 
Tranflators  ignorance  of  the  very  Principles  of  Phyfics  and 
Mathematics  •  not  to  mention  his  negligence  with  regard  to 

the 
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the  corretting  of  the  Additions  at  the  end  of  the  Book ,  to 
the  Numbers  in  the  Margin,  and  the  diftinElion  of  the 
Proportions. 

DoBor  Defaguliers,  whofe  knowledge  of  Philofophy ,  and 
skill  in  making  Experiments  are  fo  well  known ,  began  to 
tranflate  the  fame  Work  about  the  fame  ‘Time  as  the  other , 
or  rather  before .  But  this  obliging  him  to  make  more  than 
ordinary  hafle ,  he  could  not  himfelf  wholly  avoid  the  ufual 
confequences  of  too  much  precipitation ,  &C. 


THE 


fT^  H  E  Reft  of  the  Author’s  Preface,  I  have  left 
X  out,  as  *s  elated  only  to  the  Difpute  among 
the  Bookfellers.  As  to  the  faults  in  the  firft  Volume, 
(the  half  of  which  was  done  into  EngUJh  and  printed 
in  lefs  than  a  Fortnight.)  I  have  carefully  corrected 
them  ;  and  given  a  full  Errata  in  refpedt  to  the  Body 
of  the  Book,  the  Marginal  Numbers,  and  the  Plates; 
a  great  many  of  the  Alterations  and  Emendations 
having  been  communicated  to  me  by  the  Learned  Au¬ 
thor  himfelf,  and  fome  were  printed  at  the  End  of  his 
Second  Volume,  as  an  Additional  Errata  to  the  Firft. 
I  hope  the  Reader  will  find  very  few  Faults  in  this 
Tranflation,  except  what  are  Faults  of  the  Prefs,  moft 
of  which,  I  believe,  may  be  corrected  by  help  of  the 
following- 
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PAGE  3 . 1  i  n  e  penult,  read  fometimes,  1.  22.  r.  Linnen.  p.  4. 1.6, 
r.  holds  towards.  1.  13.  infert  [ Plate  I.  Fig  2]  p.  5.  1.  32.  r. 
Wire  a  bd.  p.  16. 1.  17.  r.  for  we  obferve  thar.  p.  1  8.  ].  1  3  r.  Di¬ 
latation.  p.  23. 1.  14  r.  by  a  few.  p.  26.  I.  29.  infert  [  Piate  IV. 
Fig-  *0  P-  39-  1-  7-  r-  as  was  to  be  confirm’d  by  this  Experiment, 
p-  41  •  1.  9  r.  R  C  p.  45  ].  8.  r.  made  up  of  innumerable  parallel 
Kays.  p.  48.  j.  is,  16,  and  17  mufl  all  be  in  Italic  Characters .  p«  49. 
1.  20.  r.  along  n  G.  1.  23.  r.  between  B  O  and  A  n.  1.  24.  for  F.  r  f 
p.  Ji.l.  30.  for  /  r.  /.  /  34.  r.  imaginary  Focus,  p  64.  1.  2<>.  from 
t  he  Word  when  to  the  Word  unchangeable  1.  29.  Suppofe  thofe  four 
Lines  written  in  Italic  Characters,  p.  66.  1.  3.  for  alter  r.  alters,  p. 
69.  1.  29.  r.  Ids  diverging,  p.  77.  J.  17.  r.  too  fenfible.  p.  10.  J.  9. 
dele,  in  p.  81.  1  5.  r.  polifls d  Surface .  1.  7.  r.  in  all  its  Points  re¬ 
fletis  the  Light  only  one  way.  1  8.  r.  inCurve  as  well  1.  30.  r.  [Fg.i.J 
p.  90.  lio.  r  but  fuppoling  A- p.  98.  1.  7  r.  will  be  double,  p  99. 
1;  i  $.  r.  Side  of  the.  p.  ici.  1.  1 1.  r.  oppofire  to.  p.  1  8.1  5.  r. 
ting  d  with  Colours,  p.  1 10.  1. 1 8  r.  the  others  between  FM.p  113. 
1.  9  r.  the  Board  Q.  p  1  1 8  1«  1 7 .  r.  Experiment,  p.  23 .  1  7.  r.  be¬ 
come  wholly  refle&cd  p.  1  24.  I.27.  r.  but  thefe  Rays,  p.i  25. 1  21. 
r.  in  the  Priims  DD,  DD.  1.  28.  r.  the  Surface  of  the  Prifm  DD. 
J.  34.  r.  in  the  Prifm  B  B.  p.  126.  1.  31.  r.  is  not  neceffary.  p.  l2g* 
h  5.  r.  is  refratted.  1.  12.  r.  is  in  Part  refleaed.  p.  1  29. 1.  8.  r.  the 
incident  ones.  1.  penult,  r.  which  is  found,  p.  1 37.  1.  6  dele  they 
p.140. 1.7.  r.  whofeThickneffes.  I.13  r. whole  ThicknefTes.  p.i4i* 
1  9  r.  as  plainly  appears,  p.  151.1.31.  r  the  middle  Point  C.  ].»//. 
r.  falls  in  with  the  Center,  p.  1 54.  1.  1  s.  r.  in  this  Refpea  Aftro- 
nomers  have  been  able  to  make  no  Obfervations.  1.  30.  r.  Di- 
menfions  of  the  Orbits.  1.  3  2  r.  Nodes  of  each  Orbit,  p.  15$. 
I.  4.  r.  the  Mean  Diftance.  1.  7.  r.  the  other  Diftances.  p.  1 -o. 
1.  28.  r  D,  E,  F,  V.  p.  173.  1.  30.  r.  not  always  vifible.  p.  174.  J. 
7.  r.  the  Emerlion.  1. 24.  r.  there  appears  p.iSo  1  9.  r.  the  Sha¬ 
dow  G  H.  p.  182.1.  1.  r.  which  is  intercepted,  p.  193.  ].  •>.  r. 
Meridian  of  a  Place  p.198.  l.ult.  r .  the  mofl  intenfe  Cold  is  not  upon 
the  Jhortefl  Day.  p.199. 1.  25.  r.  particular  Places,  p.  209.  1.  20.  r. 
Quantities  of  Motion,  p.  2:8. 1.  1 1.  r.  compute  the  Motion  of 
the  Moon.  p.  234.  1.  2.  r.  Elliptic  Lines,  p.  236.  J.  1  5.  r.  neareft 
to  it.  p.  239.  1.  29.  r.  alfo  the  Motion,  p.  241.  1.  21.  r.  which 
will  follow  that  Direftion  only.  p.  244.  1.  16,  1  7.  r.  and  the  Aug¬ 
mentation  or  Addition  is  to  the  Gravity,  p.  245.  1.  19.  r.  is  to  the 
Gravity.  1.  27.  is  to  the  Gravity  of  the  Moon,  p.  247.  J.  33.  r 
it  wou’d  be  diminifh’d.  p  2<6  l.lc.  r.  Apfides  in  the  Quadratures'. 
p.257. 1.  32.  r.  are  alfo  deduc’d.  J  33.  r.  the  Sun  upon  the  Moon. 
?•  268. 1. 15 .  dele  is  greater,  p,  269.  1.  y.r.  Sides  A  C.  p.  274. 1 
37-  r.  [Fig.  1.] 
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ERR  AT  A  in  the  Marginal  Numbers- 

PAGE  2  line  12  read  (J49).  1  18.  r.  (5^0).  page  3.  1.  20.  r* 
(553)  P-  7- 1-  9-  r-  (562)-  P-  8. 1.  27.  r.  (f  437;.  p.  14. 1.33  • 
r.  (*84).  p.  15. 1.  3i.  r.  (58$).  1.  23.  r.  (586.)  1.  26.  r.  (587).  p* 

17.1. 1.  r.  (592).  p.  18.I.  14.  r.  ($96).  p.  19.I.  5.  r.  (597).  1.  19. 
r.  598^.  1.  'll.  dele  (598).  1»  34.  dele  (6oo)-  and  place  it  before  1.  35- 
p.  29. 1.  18.  r.  (628).  1.  24  r.  (629). p.  31.I.  10.  r.  (6 3T).  p.  37.  I. 
31.  r.  (641).  p.  43. 1.  17.  r.  (659).  p.  51. 1.  1.  r.  (68 2).  1.  16.  r. 
(686).!.  22.  r.  (687).  p.  64. 1.21.  r.  (  *753)  referring  to  the  Word 
(Mention*).  1.  25.  r.  (622).  p.  28.  r«  (623J.  p.  66.  1.  8.  r.  (729). 
p.  73. 1.  23.  r.  (759).  p.  77. 1. 19.  1.(772).  p.  8i.  1.  6.  r.  (779)*  P* 

82. 1.  20.  r.  (786).  p.  88  1.  24.  r.  (8oz).  1.  29.  r.  803*  p.  92. 1.  25:. 
r.  (  *  816J  p.  94  1.  antepenult .  r.  (  824).  p.  112, 1.  14.  r.  (853).  p. 

1 17. 1.  1.  r.(86i).  p.  134.I.  4.  r.  (884).  p.  i<Si  3.  1.  r.  (984).  p. 
165. 1  8.  r.  (997)  p.  185.  1.  I  *.  r.  C  9^^)  P-  188. 1  13.  r.  (*629). 
referring  to  the  Word  (  Refratfion*)  p  193. 1.  12.  infert  an  Afte» 
rifm  at  the  Word  Ecliptic*  p.  194. 3.4.  r.  ('  1143)  referring  to  the 
Word  ( faid *)  p.  203. 1.  n.r.  (1194X  1  21. r.  (ri9i)  p.  23*.  I. 
10.  r.  ('1255).  p.  238.  1.  27.  r.  (*  1280).  p.  244  1.  18.  r.  (1288) . 
p.261.  r.  C*  1 3 14. )  p.  262.  I.4.  r.  f  ^  1 3 36  ).  p.  270.  1.  ult. 
r.  (f  1027J.  p,  279.  1.  17  r.  C  1410J.  p.  280.  1.  14.  r,  (*1417.) 
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Part  I.  Concerning  FFT^E. 


chap.  I. 

Of  the  Properties  of  Fire  in  sheltered.  1 

H  O’  we  know  feveral  Properties  of 
Fire,  yet  we  are  ignorant  of  a  great 
many  things  relating  to  it. 

I  ftall  noc  invent  Hypothefes,  but 
,  reafon  from  Experiments,  and  leave 
untouch  d  what  is  not  fully  known. 

Fire  eafily  penetrates  thro  all  Bodies,  however  denfe  .  . . 
and  hard  they  are.  For  we  have  never  yet  known  '  '4 
any  Body,  that  by  the  Application  of  Fire  has 
V°l.  B  not 
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not  been  heated  in  all  its  Points  ;  that  is,  in  eve¬ 
ry  Part. 

Fire  moves  very  fwiftly ,  as  appears  from  Agro¬ 
nomical  Obfervations 

Fire  unites  itfelf  to  Bodies ;  for  when  they  are 
brought  to  the  Fire,  they  grow  hot,  as  we  faid 
before  ;  and  in  that  cafe  they  expand  or  ft cell :  Which 
Expanfion  is  alfo  obferv’d  in  fuch  Bodies  whofe 
Parts  do  not  cohere,  in  which  cafe  they  alfo  ac¬ 
quire  a  great  Degree  of  Elafticity ,  as  is  obferv’d  in 
Air  and  Vapours.  * 

That  Fire  is  attr ailed  by  Bodies  at  a  certain  Di - 
(lance  from  them ,  will  be  Ihewn  in  the  following 
*  6 u  Part  of  this  Book.* 

If  any  Bodies  are  violently  moved  againft  one 
another,  they  will  grow  hot  by  fuch  a  Fri&ion, 
and  that  to  a  great  Degree  ;  which  (hews  that 
all  Bodies  contain  Fire  in  them :  for  by  rubbing. 
Fire  may  be  put  in  Motion,  and  feparated  from 
a  Body,  but  can  by  no  means  be  generated  that 
way. 

Having  laid  down  thefe  general  Heads,  we 
muft  examine  feveral  Things  more  particularly. 


C  H  A  P.  II. 

That  Fi^e  adheres  to  Bodies ,  and  is  contain  d 
in  them  ^  where  we  fhaU  alfo  j peak  of 
EleElricity . 

AS  we  have  already  faid,  one  may  prove  j; 

that  Fire  is  contained  in  all  Bodies,  be- 
caufe  there  are  no  Bodies  but  what  may  be  heat-  j 
*  550  ed  by  Attrition  ;*  and  that  it  coheres  firmly  with  I 
the  Parts  of  Bodies,  appears  in  Smoke  and  Va-  * 
pours  :  for  Smoke  and  Vapours  are  made  up  of  I 
Parts  feparated  from  Bodies, and  agitated  (Tome- 

I  ’  times 


times  very  violently)  by  the  Fire  that  is  join’d 
with  them. 

— • 

There  are  befides,  feveral  remarkable  Pheno¬ 
mena  aridng  from  Fire  contain'd  in  Bodies,  fome 
of  which  we  (hall  here  mention;  amongft  which 
there  are  fuch  as  relate  very  much  to  Ele&ricity, 
for  which  reafon  we  rauft  alfo  treat  of  the  Phe¬ 
nomena  of  Electricity. 

Definition. 

Electricity  is  that  Property  of  Bodies ,  by  uohich  551 
(when  they  are  heated  by  Attrition)  they  attratl ,  and 
repel  lighter  Bodies  at  a  fenjible  Diftance.  1 

*  <  i  .'  *  •  *  <*#»'  f 

*  *  j  » .  >  # 

Experiment  i.]  Take  two  Pieces  of  Rock  55* 
Chryflal  and  rub  them  tcgecher,  and  immediately 
they  will  appear  luminous  all  over,  tho’  they  do 
not  acquire  any  fenfible  Heat  by  that  Attrition. 

Light  (as  well  as  Heat)  is  a  Proof  that  there  is 
Fire  in  a  Body.  The  greateft  Light  is  in  thofe 
Points  where  the  Bodies  touch  one  another. 

Experimenti. ]  Take  a  Glafs  Tube  15  or  18  573 
Inches  long,  and  one  Inch  in  Diameter,  and  rub 
it  with  a  Linen  or  Woolen  Goth,  and  it  will 
emit  Light  in  the  Dark. 

Experiment  3.  Plate  I.  Fig.  1.]  This  Tube  heat-  cc4 
ed  by  rubbing,has  a  very  fenfible  Eleftricity;  for 
it  light  Bodies,  fuch  as  Pieces  of  Leaf  Gold,  and 
Soot,  be  laid  upon  a  Plane,  and  the  Tube  be 
brought  near  them,  they  will  be  put  in  Motion, 
attrafted,  repelled,  and  driven  feveral  Ways  by 
the  Tube.  The  Tube  adts  at  different  Diftances 
according  to  the  different  State  of  the  Air;  fome- 
time  at  the  Difiance  of  one  Foot ;  when  the  Air 
is  full  of  Vapours  the  Effea  is  diminilhed. 

,V  0  t.  II.  B  a 
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There  is  one  thing  remarkable,  and  very  hard 
to  explain  in  this  Experiment,  concerning  the 
Direction  of  the  Attrition  ;  when  you  rub  the 
Tube,  one  End  of  it  is  held  in  one  Hand,  whilft 
it  is  rubb’d  with  the  other ;  which  if  it  be  done 
from  the  Hand  that  holds  towards  the  other  End 
of  the  Tube,  the  Effed  will  not  be  fenfible  ;  but 
if  you  rub  from  the  free  End  of  the  Tube  to¬ 
wards  the  End  held  in  the  Hand,  the  contrary 
will  happen.  And  this  happens  indifferently, 
whether  you  hold  the  open  or  the  (hut  End  of 
the  Tube  in  your  Hand. 

In  the  following  Experiments,  Glafs  Globes 
are  fwiftly  whiriM  about;  to  perform  which, 
there  muff  be  a  cylindric  Neck  at  each  End  of 
every  Globe ;  but  only  one  of  thefe  Necks  is  to 
be  open,  and  both  are  to  have  Brafs  Ferreis, 
fuch  as  are  reprefented  at  G  :  a  Cock  E  muff  be 
fcrew’d  on  to  the  Ferrel  at  the  open  Neck,  and 
the  oppofite  Brafs  Ferrel  muff  have  a  little 
Wheel  r  of  about  an  Inch  and  a  half  Diameter, 
join’d  to  it,  with  a  fmall  Brafs  Axis  (landing  out : 
there  is  juft  fuch  another  Piece  of  Brafs  fcrew’d 
on  to  the  Cock,  fo  that  it  may  be  taken  on  and 
off  at  pleafure.  Thefe  Axes  go  about  a  quarter 
of  an  Inch  into  the  Pillars  S  S,  that  fupport  the 
Globe,  and  are  Centers  for  it  to  whirl  upon 
when  it  turns  about  its  Axis. 

The  Pillars  S  S,  (land  upon  a  ftrong  horizon¬ 
tal  Board  of  about  an  Inch  and  a  half  thick,  framed 
into  three  other  Boards,  as  may  be  feen  in  the 
Figure  :  In  that  which  (lands  foreright,  there  is 
an  Hole  /  that  you  may  come  at  the  lower  part 
of  the  Pillar,  to  make  it  fail  with  a  Nut  or  Screw. 
The  other  Pillar  S  is  likewife  fatten'd  by  a  Screw 
applied  under  the  horizontal  Board,  and  moved 
forwards  and  backwards  in  a  Slit  of  4  or  5  Inches 
long  before  it  be  made  fad,  in  order  to  take  the 

Glafs 
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Glafs  Globes  in  and  out,  and  to  take  in  fuch  as 
are  larger  or  fma^ler  than  others,  according  to 
the  different  Experiments  to  be  made. 

There  is  a  great  Wheel  R  which  is  turn’d  round 
by  means  of  the  Handle  M,  and  thereby  gives  a 
very  fwift  whirling  Motion  to  the  Globe  G. 

In  the  Side  of  the  upper  Board  there  is  a  Slit, 
along  which  the  Pulley  t  may  be  moved,  by  means 
of  the  Screw  c>  in  order  to  keep  ftretch’d  the 
Rope  that  goes  round  the  Wheels  R  and  r. 

Experiment  4  &  5.  Plate  II.  Eg-  i.J  Apply  a 
Glafs  Globe  of  about  8  or  9  Inches  Diameter, 
to  the  Machine  abovemention’d,  and  let  it  be 
briskly  whirl’d  in  a  dark  Place,  the  Hand  all  the 
while  being  held  againft  it,  to  give  it  Attrition. 

If  the  Globe  be  exhaufted  of  its  Air,  it  will 
appear  all  luminous  within,  but  moftly  fo  where 
the  Hand  touches  the  Glafs. 

But  if  the  Globe  has  Air  in  it,  and  being  5.58 
whirl’d  in  the  fame  manner,  the  Hand  be  ap¬ 
plied  to  it,  no  Light  appears  either  in  the  inner 
or  outer  Surface  of  the  Glafs  ,•  but  Bodies  at  a 
fmall  Diftance  from  the  Glafs  fas  for  Example, 
at  a  quarter  of  an  Inch,  or  nearer)  become  lumi¬ 
nous,-  and  fo  only  thofe  Parts  of  the  Hand  held 
againft  the  Glafs,  which  terminate,  or  ratheren-  - 
viron  the  Parts  that  immediately  touch  the 
Globe,  are  luminous. 

Experiment  6.  Plate  L  Fig.  2.1  Take  the  Globe  559 
made  ufe  of  in  the  foregoing  Experiments,  and 
put  it  in  between  the  Pillars,  to  whirl  it  as  be¬ 
fore  :  Then  take  a  Bra fs  Wire  ab  c  circularly  bent 
in  the  upper  Part,  and  fix  it  fo  that  its  curve 
Part  may  be  about  4  Inches  off  of  the  Globe, 
with  fmall  Threads  hanging  from  it,  which  be¬ 
ing  extended  towards  the  Center  of  the  Globe, 

B  3  come 
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come  within  a  quarter  of  an  Inch  of  the  Surface 
pf  the  Globe. 

Whirl  the  Globe  and  apply  the  Hand,  and  im¬ 
mediately  the  Threads  will  be  moved  irregular¬ 
ly  by  the  Agitation  of  the  Air ;  but  when  the 
Glafs  is  heated  by  the  Attrition,  all  the  Threads 
are  directed  towards  the  Center  of  the  Globe,  as 
may  be  feen  in  the  Figure  :  And  if  the  Hand  be 
applied  a  little  on  one  Side,  or  nearer  the  Pole 
of  the  Globe,  the  Threads  will  be  directed  to¬ 
wards  that  Point  of  the  Axis  which  is  under  the 
Hand. 

50  If  the  Air  be  drawn  out  of  the  Globe,  this 
whole  Effect  ceafes. 

> 

51  Experment  7.  Viate  I.  Fig .  3.]  Take  another 
Globe  like  the  former ;  only  differing  in  this, 
that  the  opened  Neck  muff  have  a  largerOpening 
than  that  of  the  Globe  G,  fo  that  you  may  put 
into  it  a  round  flat  Piece  of  Wood  0 ,  that  has  a 
Brafs  Wire  for  its  Axis.  In  order  to  fix  this 
Piece  of  Wood  in  the  middle  of  the  Globe,  its 
Axis  muff  be  firmly  fcrew’d  to  the  middle  of  the 
Cover  that  is  join’d  to  the  open  Neck  of  the 
Globe  at  h  :  and  the  Cock  E  is  alfo  join  d  to  the 
middle  of  the  Cover  on  the  Outfide. 

To  the  wooden  Circle  fmall  Threads  are  fa- 
ften’d,  which  being  extended,  almoft  touch  the 
inner  Surface  of  the  Globe. 

Turn  the  great  Wheel  fo  as  to  whirl  the  Globe, 
and  rub  it  till  it  becomes  warm ,  as  was 
done  in  the  former  Experiments  ;  if  you  ceafe 
to  whirl  the  Globe,  and  the  Hand  be  taken  off, 
the  Threads  will  immediately  ftretch  themfelveS 
out  like  Radii  from  the  Center  towards  the  Sur¬ 
face  of  the  Globe,  yet  they  hardly  remain  one 
Moment  at  reft;  for  tho’  the  Globe  be  exadily 
flint,  thefe  Threads  will  be  put  in  Motion,  as 
;  tu  '  ■  -  appears 
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appears  by  blowing  againftthe  Globe,  tho*  you 
Hand  two  Foot  oft  or  farther  from  the  Globe.  If 
you  bring  your  Finger  towards  the  Globe,  tho* 
you  do  not  touch  it,  the  Threads  next  to  it  will  be 
attra&ed  by  the  Finger,  and  dire&ed  towards  it; 
nay,  and  fometimes  they  fly  from  it.  If  you  ap¬ 
ply  the  whole  Hand  to  the  Globe,  the  Threads 
will  be  moved  violently  and  irregularly. 

And  if  all  the  Air  be  drawn  out,  as  in  the 
foregoing  Experiment,  the  whole  Effedt  ceafes ; 
and  the  Threads  (both  before  and  after  the  Fri- 
dtion)  only  hang  down  by  their  Gravity. 

If  we  attend  to  all  the  foregoing  Experiments, 
the  following  Conclufions  feem  to  be  naturally 
deduced  from  them,  which  we  do  not  give  out 
as  certain,  but  very  probable ;  for  we  muft  al¬ 
ways  diftinguifh  Certainty  from  Probability. 

That  Glafs  contains  in  it,  and  has  about  its  Stir -  563 
face ,  a  certain  Atmofphere ,  which  is  excited  by  Fri - 
Bion*  and  put  into  a  vibratory  Motion ;  for  it  at-*  554» 
tra&s  and  repels  light  Bodies;*  the  fmallefl  Parts  5  59» 
of  the  Glafs  are  agitated  by  the  Attrition,  and  by  * 5  ^ 
reafon  of  their  Elafticity,  their  Motion  is  vibra-  J' 
tory,  which  is  communicated  to  the  Atmofphere 
abovemention’d  ;  and  therefore  that  Atmofphere 
exerts  its  A&ion  the  farther,  the  greater  Agita¬ 
tion  the  Parts  of  the  Glafs  receive  when  a  greater 
Attrition  is  given  to  the  Glafs. 

The  Fire' contain  d  in  the  Glafs  is  expel? d  by  the  564 
Allion  of  this  Atmofphere ;  at  lead  it  is  mov'd  with 
it.  For  when  light  Bodies  are  put  in  Motion  at 
a  Diftance  from  the  Glafs,  the  Bodies  alio  be-* 
come  lucid  at  a  Diftance  * 

It  is  plain,  that  this  Atmofphere  and  Fire  is  more  555 
eaftly  mov  d  in  a  Place  void  of  Air  :  For  if  the 
Globe  be  exhaufled  of  its  Air,  there  can  be  per¬ 
ceiv'd  no  Light,  nor  any  EfFedt  of  Eledlricity  on 
the  outfide  of  the  Globe  *,  but  the  infide  of  the* 

B  4  Globe  s6® 
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Globe  appears  very  luminous,  and  this  Fire  is 
perceiv’d  to  be  in  greater  Quantity  in  this  Ex¬ 
periment  than  in  that  immediately  after  men- 
*558  tion’d  * 

But  the  Adion  of  the  Eledricity  does  alfo 
*  ceafe  on  the  infide  when  the  Air  is  drawn  out  *, 
which  feems  to  overthrow  what  we  faid  of  the 
more  eafy  Motion  of  the  Atmofphere  of  Glafs 
in  Vacuo  :  But  yet  it  is  not  probable  that  it  fliou’d 
move  no  whither  in  this  Cafe.  On  the  contra¬ 
ry  it  feems  to  go  the  fame  way  as  the  Fire,  and 
to  move  that  way  where  there  is  the  leaft  Refin¬ 
ance  ;  and  that  the  ceafing  of  the  Adion  of  E- 
ledricity  is  to  be  attributed  to  the  want  of  Air, 


6c 7  Fire,  which  freely  penetrates  all  Bodies,  ads 
upon  them  violently  by  means  oj  the  Air  or  Va¬ 
pour. 

But  laying  afide  Conjedures,  tho’  they  have 
a  great  many  Experiments  for  their  Foundation, 
let  us  return  to  other  Things  relating  to  Fire, 
as  feveral  Experiments  are  to  be  made  in  Vacuo , 
we  muff  defcribe  the  following  Machine  contriv’d 
to  give  Attrition  to  Bodies  in  Vacuo. 

Plate  II.  Fig .  2.]  Let  M  be  the  Air-Pump  de- 
*4,7  fcrib’d  before  *,  L  L  the  Brafs  Plate  of  the  Pump 
on  which  the  Glafs  Receivers  are  fet ;  on  each 
fide  of  the  Plate  there  is  a  wooden  Pillar,  A  D, 
A  D,  which  Pillars  fiand  on  the  Board  that  car¬ 
ries  the  Air-Pump  Plate  having  their  Bafe  upon 
it,  and  a  part  below  the  Bafe,  and  going  thro’ 
the  Board  with  an  Hole  in  it,  to  receive  two 
crofs  Pieces  of  Wood  or  Wedges  that  make  them 
faft  during  the  Experiment,  but  fo  that  the  faid 
Pillars  may  be  taken  away  afterwards. 

The  Glafs  Receiverin  which  the  Experiments 
are  to  be  made,  is  about  p  Inches  high,  and  6 

in 
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in  Diameter,  with  a  Cover  *  that  has  annex’d  to 
it  3  Box  or  Collar  full  of  oil’d  Leathers  through 
which  a  Brafs  Axis  paffes  ;  and  leaft  in  the 
whirling  round  of  the  Axis  the  lower  end  Ihou’d 
move,  part  of  the  Box  is  made  fquare,  fo  as  ex¬ 
actly  to  fit  a  fquare  Hole  in  the  Horizontal 
Board  EE  that  prefles  on  the  Cover,  and  is 
made  fail  by  bringing  down  the  Nuts  or  Screws 
B  B  at  each  end ,  without  bearing  upon  the 
Shoulders  of  the  Pillars. 

Towards  the  upper  Part  of  the  Pillars  there  is 
a  narrower  horizontal  Board  F  F  prefs’d  down 
alfo  and  fallen’d  with  Nuts,  which  has  fix’d  to 
it  on  the  under  fide  a  piece  of  Brafsg,  with  an 
Hole  in  it  for  the  upper  end  of  the  above  men¬ 
tion’d  Axis  to  turn  in,  whilfl  the  biggeft  part  of 
this  Axis  being  in  the  middle  of  the  Glafs,  has 
an  outfide  Screw  upon  it,  with  the  two  Wing- 
Nuts  d,  d ,  moveable  upon  it,  in  order  to  fallen 
feveral  Bodies  upon  the  Axis. 

The  lower  End  of  the  Axis  turns  in  the  Hole 
c.  The  brafs  Spring  jf  is  join’d  to  the  Piece  c 
which  fcrews  it  down  to  the  Air-Pump  Plate  at 
the  Hole  where  the  Air  is  drawn  out  ;  but  there 
mull  always  be  made  a  fmall  Hole  or  Pafiage  in 
the  Piece  c,  for  the  Air  to  be  drawn  out  at. 

Having  exhaulled  the  Receiver,  the  Axis 
above-mention’d  (by  reafon  of  the  oil’d  Leathers 
in  the  Collar  P)  may  be  turn’d  round  without  ad¬ 
mitting  any  Air  ;  but  to  give  it  a  quick  Motion 
there  is  a  little  Brafs  Wheel  r  of  about  2  Inches 
Diameter,  with  Points  in  its  Groove,  that  the 
Rope  that  turns  it  round  may  not  flip. 

The  great  Wheel  R,  of  about  3  Foot  Dia¬ 
meter  with  its  Frame,  is  brought  up  clofe  to  the 
Air-Pump,  and  made  fall  to  its  Foot  by  a  Screw. 

_  The  Rope  that  goes  about  the  lelfer  Wheel  r, 
is  brought  down  over  Pullies  obliquely  placed 
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in  the  upper  part  of  the  Pillars  C,  C,  and  be¬ 
ing  over  them,  comes  down  to  the  great  Wheel 
which  it  goes  round  ;  fo  that  by  turning  the 
vertical  Wheel  R,  the  Brafs  Axis  above  defcri- 
bed,  is  carried  round  very  fwiftly,  whereby  a 
Motion  is  communicated  to  Bodies  in  Vacuo  for 
feveral  Experiments. 

568  Experiment  8.]  Take  a  Glafs  Globe  of  three  In¬ 
ches  Diameter,  or  of  two  Inches  and  a  half  Dia¬ 
meter,  with  an  Hole  on  each  fide,  where  it  may 
alfohave  cylindric  Necks.  The  Axis  above-men¬ 
tioned  mull  go  thro’  thofe  Holes,  in  order  to  give 
the  Globe  a  whirling  Motion  ;  pieces  of  Cork 
muft  be  put  on  each  fide  of  the  Globe  to  cover 
its  Holes,  and  made  faft  with  the  Nuts  d>  d>  in 
the  manner  that  they  appear  in  the  Figure,  to 
hold  faft  together  the  Plates  or  little  Wheels 
thro"  which  the  Axis  goes. 

This  Globe,  thus  fix'd,  will  be  fwiftly  mov'd 
in  Vacuo  with  its  Axis,  by  turning  the  Wheel  R  : 
To  caufe  Attrition,  a  piece  of  Woollen  Cloth 
muft  be  tied  on  to  each  fide  of  the  Brafs  Spring 
/,  /,  which  by  its  Elafticity  preffes  the  Globe 
hard  on  each  fide. 

Making  the  Experiment  in  the  dark,  the  Globe 
will  appear  luminous;  and  if  the  Motion  be  con¬ 
tinued  till  the  Globe  grows  hot  by  the  Attrition, 
the  Light  will  indeed  be  increafed ,  but  will 
appear  fix’d  in  the  Places  where  the  Attrition 
is  made. 

5 69  It  follows  from  that  Experiment,  that  the  Fire 
contain  d  in  Glafs  does  not  want  Air  to  make  it  vi~> 
Jible ,  for  it  grows  hot,  and  fhines  when  both  the 
internal  and  external  Air  are  taken  out. 

570  Experiment  9 .]  Take  a  round  Piece  of  Wood 
of  2,  or  2  v  Inches  Diameter,  and  about  4  an 

Inch 
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Inch  thick,  and  let  it  have  feveral  Hollows  cut 
in  its  Edge,  that  it  may  be  encompafs’d  round 
with  Beads  of  Plaifter,  which  may  be  made  faft 
to  it  with  Threads  going  thro’  them.  Let  this 
piece  of  Wood  thus  prepar’d  be  made  faft  upon 
the  Axis  above-mentioned,  in  the  fame  manner 
as  the  little  Globe  had  been  fatten’d  ;  then  give 
Attrition  in  Vacuoy  as  in  that  Experiment,  and 
Light  will  be  thereby  produced  in  the  dark. 

Experiment  io.]  That  Quickfilver  contains  Fire  ^y* 
is  plain,  from  Experiments  made  upon  it,  in  Va¬ 
cuo.  For  if  Mercury  well  clean’d  be  fhak’d  about 
in  an  exhaufted  Glafs,  it  will  appear  luminous. 

If  you  put  Mercury  into  a  Glafs  Globe,  the  572. 
Globe  may  be  whirl’d  round,  as  in  the  former 
Experiments,  which  will  be  delightful  to  fee, 
if  the  Glafs  be  mov’d  {lowly.  If  Mercury  has 
no  Tin  mix’d  with  it,  it  may  be  clean’d  with 
boiling-hot  Vinegar. 

The  Globe  that  has  the  Mercury  in  it  may  573 
be  exhaufted  by  fcrewing  on  to  it  a  Pipe  about 
2  Foot  long,  the  lower  end  of  which  mutt  be 
fcrew’d  on  to  the  Hole  in  the  middle  of  the 
Plate  of  the  Air-Pump. 

Then  if  you  cover  both  that  Hole  and  the 
Hole  thro’  which  the  Air  is  drawn  out  with  one 
of  the  Receivers  above-mention’d,  the  Air  will 
be  eafny  drawn  out  of  the  Globe. 

Plate  I.  Fig.  4.]  Take  a  Plate  O,  and  hav-  574 
ing  fcrew’d  on  to  it  the  Pipe  E  E,  whole 
other  end  is  fcrew’d  to  the  Air-Pump,  put 
the  Glafs  Receiver  R  upon  it,  and  pump  out 
the  Air  from  it.  The  Pipe  thro’  which  the 
Air  is  drawn  out  muft  ftand  up  beyond  the  Plate 
in  the  Receiver  about  4  or  5  Inches,  be  bent, 

and  have  a  fmall  Hole  in  it  ;  which  muft  be  ta- 

*  *  * 


\\ 
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ken  care  of,  for  fear  any  Mercury  fhou’d  get  in¬ 
to  the  Air-Pump. 

The  middle  of  this  Plate  has  a  brafs  Pipe  B; 
whofe  lower  end  that  is  without  an  Hole  comes 
down  almofi:  to  the  bottom  of  the  Veffel  V, 
that  contains  very  clean  Mercury :  There  is 
an  Hole  in  the  fide  of  the  Pipe  exa&ly  fhut  by 
the  Pin  A.  The  upper  end  of  this  Pipe  has  a 
very  fmali  Hole  in  it,  and  comes  up  thro*  the 
Plate  into  the  Receiver. 

The  Height  of  the  Receiver  R  is  about  1 6 
Inches,  and  its  Diameter  4  Inches  ;  pump  the  Air 
out  of  it,  and  then  open  the  Hole  in  the  fide  of 
the  Pipe  B,  and  the  Mercury  by  the  PrefTure  of 
the  external  Air  will  go  up  the  Tube,  and  will 
fpout  very  ftrongly  into  the  Receiver,  ftriking 
againft  the  top  of  it. 

The  Experiment  mull:  be  made  in  a  dark 
Place,  and  the  Mercury  will  appear  luminous. 

575  Experiment  11.]  Chymifts  make  a  certain  Pre¬ 
paration  of  Urine,  which  they  call  Phcfphorm  of 
JJrine :  which  muft  be  kept  in  Water.  If  it  be 
roll’d  up  into  fmali  cylindrical  Pieces  like  a  Pen¬ 
cil,  and  you  write  with  it  upon  a  Paper,  when 
you  hold  the  Paper  in  a  dark  Place,  you  wilt  lee 
Letters  of  Fire.  The  Phofphorus  itfelf,  when 
you  take  it  out  of  the  Water,  will  grow  hot 
and  fmoke  ,•  all  which  fhews  that  the  P'hofphorsti 
contains  a  great  deal  of  Fire. 

5  7^  In  this  Experiment  we  may  obferve  that  Water 
afts  upon  the  Fire  contain  d  in  the  Phofphorus ;  lor 
it  keeps  it  in,  fo  that  it  cannot  get  out  fo  long  as 
the  Phofphorus  is  cover’d  with  Water  :  but  as 
foon  as  the  Water  is  taken  away,  the  Heat  and 
Smoke  immediately  fhew  that  the  Fire  iiTues 

577  out  of  the  Phofphorus.  The  Air  alfo  does  infome 
meafure  keep  in  the  Fire  contain  d  in  hot  Water ; 

that 
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that  is,  hinders  it  from  going  out  of  it  fo  faft 
as  it  will  do  in  Vacuo, 

%  t  \  ♦  *  *  x 

Experiment  12.]  Take  two  Veflels  that  arc 
equal  and  alike,  and  put  an  equal  quantity  of 
boiling  Water  into  each  of  them.  Let  one  of 
them  be  fet  upon  the  Air-Pump  Plate  under  a 
Receiver,  and  pump  out  the  Air ;  when  you  are 
pumping,  the  YVater  boils  violently  by  the  A&ion 
of  the  Fire  that  goes  out  of  it ;  and  then  Toon 
becomes  only  lukewarm,  whilft  the  Water  in  the 
other  Veflel  which  remain’d  in  the  open  Air  has 
fear ce  loft  any  of  its  Heat. 

One  may  obferve  fomething  like  this  in  ftii- 
ning  Wood;  for  fome  Wood  that  is  rotted  in 
the  Ground  fhines,  when  it  is  taken  out ;  the 
Earth  that  encompafs’d  the  Wood  kept  in  the 
Fire,  which  goes  out  when  that  is  remov’d,  and 
the  Wood  continues  to  fhine  for  fome  Days.  In 
an  exhaufted  Receiver  the  Light  is  foon  de- 
ftroy’d,  and  is  not  reftor’d  by  the  Re-admiffion 
of  the  Air. 

But  it  cannot  be  eafily  determin’d  how  Fire 
is  confin’d  in  a  Body  by  the  ambient  Bodies,  nor 
is  it  eafy  to  find  out  what  A&ion  produces  this 
Effeft ;  it  is  hardly  probable  that  Preflure  is  here 
much  concern’d,  fince  Fire  does  eafily  penetrate 
all  Bodies  by  its  Subtility. 


CHAP.  HI. 

Concerning  the  Motion  of  Fite f  where  we 
(ball  fpeak  of  Heat  and  Light . 

WE  have  faid  that  Fire  moves  very  fwift- 
ly  *,  and  this  Motion  in  different  Cir- 
cumftances  produces  different  Effe&s.  Heat  and 

Light 
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Light  are  to  be  attributed  to  the  different  Mo- 

J 19  of  Fire.  Heat  in  a  hot  Body  is  the  Agitation 

of  the  Parts  of  the  Body  and  the  Fire  contain  d  in  it, 
by  which  Agitation  a  Motion  is  produc'd  in  our 
Bodies,  which  excites  the  Idea  of  Heat  in  our 

580  Mind.  Heat  in  refpeEl  of  us  is  nothing  but  that  ldeay 
and  in  the  hot  Body  is  nothing  but  Motion.  Here 
we  muff:  call  to  mind  what  has  been  faid  of  the 
Senfations  in  general  (N.  502)  which  alfo  may 
be  referr'd  to  Light. 

581  When  Fire  enters  our  Eyes  in  Right  Lines ,  by 
the  Motion  that  it  communicates  to  the  Fibres  in  the 
bottom  of  the  Eye,  it  excites  the  Idea  of  Light ;  of 
which  Motion  of  the  Fibres  we  fhall  fpeak  more 

9  716  particularly  hereafter  *.  A  rettilinear  Motion  is 

582  the  Motion  of  Light,  as  it  appears  from  its  be¬ 
ing  eafily  flopp'd  by  an  Obftacle.  On  the  con¬ 
trary,  fuch  a  Motion  is  not  recjuir  d  in  Heat ;  and 
that  an  irregular  Motion  is  more  proper  for  it,  may 
be  prov’d,  becaufe  the  Rays  that  come  direct¬ 
ly  from  the  Sun  to  the  Top  of  a  Mountain, 
produce  no  fenfible  Heat;  whilft  in  the  Valley, 
where  the  Rays  are  agitated  with  an  irregular 
Motion  by  feveral  Reflexions,  there  is  often  pro¬ 
duc'd  a  very  intenfe  Heat. 

Definition. 

A  Body  is  faid  to  be  lucid,  when  it  emits  Light , 
that  is,  when  it  gives  Fire  a  Motion  in  right 
Lines. 

583  That  there  is  not  always  Light  where  there  is 
Fire,  is  beyond  all  doubt ;  for  we  daily  fee  hot 
Bodies  that  do  not  ffiine. 

But  whether  there  be  any  lucid  Body  without  Heat , 
cannot  be  determined.  Heat  in  all  Bodies  is 
a  Motion  that  may  be  infinitely  diminifh’d;  and 
there  may  be  fuch  a  Motion,  tho*  it  be  not  fen¬ 
fible  to  us,  becaufe  often  we  cannot  difcover 

o  any 
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any  thing  of  Heat ;  for  certainly  there  are  a 
great  many  lucid  Bodies  in  which  we  can  per¬ 
ceive  no  fenfible  Heat.*  Concerning  which  it  11 571 
may  be  obferv’d,  that  no  Heat  is  fenfible  to  us, 
unlefs  the  Body  that  ads  upon  our  Organs  of 
Senfe  has  a  greater  Degree  of  Heat  than  that  of 
our  Organs.  Which  fhews  us  that  the  Judg¬ 
ment  of  our  Senfes  concerning  Heat  is  wholly 

'  -  ,  ,  .  f  )  '  r  •  ;  I 

uncertain.  «  -  4- 

When  the  fmallefl  parts  of  which  any  Body 
is  made  up  are  agitated,  either  by  Attrition,  or 
the  Adion  of  Fire  applied  externally  to  it,  or 
any  other  way  ;  the  Fire  is  feparated  from  the 
fmall  Particles  and  agitated  in  the  Body ;  then 
alfo  the  Fire  and  the  Particles  of  the  Body  ad 
upon  one  another  by  their  Attradion,  as  is 
proved  by  the  Experiments  which  we  fhall  here¬ 
after  mention.  *  By  this  Adion  fome  Parts  are 
feparated  from  the  Body,  and  carried  off'  from 
it  by  the  Motion  of  the  Fire.  And  this  is  the 
cauie  why  hard  Bodies  are  often  fet  on  Fire  by  a  5^6 
•violent  Attrition. 

Hence  we  deduce,  that  the  burning  of  Bodies 
is  a  Separation  of  their  Parts  by  the  mutual  Attion 
cf  the  Fire,  and  thofe  Parts  on  each  other  ;  fome  of 
thofe  Parts,  carried  off  by  the  Motion  of  the  Fire ,  make  587 
Flame  and  Smoke. 

We  fee  befides,  that  a  Body  that  is  burn’d 
by  the  Application  of  Fire,  is  not  only  diffolv’d 
by  the  Adion  of  the  external  Fire,  but  alfo  by 
the  Adion  of  the  Fire  contain’d  in  the  Body 
itfelf ;  and  that  the  Heat  is  encreafed  by  the  Ap¬ 
plication  of  new  Fire,  and  the  Augmentation  the 
Agitation  of  the  Fire  which  the  Body  itfelf  con¬ 
tains;  and  therefore  that  the  Heat  is  not  in  propor-  588 
tion  to  the  quantity  cf  Fire. 

As  to  the  Motion  of  Light,  it  is  plain,  as  we 
laid*,  that  it  is  perform’d  in  right  Lines;  but  *581 

whether 
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whether  it  be  fucceffive  or  inftantaneous,  is  di- 
fputed  ;  that  is,  whether  at  the  fame  Moment 
that  a  Body  begins  to  fiiine,  the  Light  is  fenfi- 
ble  at  any  Diftance,  or  whether  the  Light  goes 
on  fucceffively  to  Places  more  and  more  diftant. 
^gp  Itfeems  clearly  to  follow  fromfeveral  Aftrono- 
micalObfervations,  that  thatMotion  is  fucceffive, 
and  Philofophers  did  not  long  doubt  of  it;  but 
by  fome  later  Obfervations,  the  Conclufions 
drawn  from  the  former,  are  weaken’d,  and  we 
are  obliged  to  confefs  that  the  Motion  of  Light 
has  fomething  unknown  to  us. 

To  fay  that  a  Motion  from  one  Place  to  an¬ 
other  is  not  fucceffive,  implies  a  Contradi&ion, 
^po  and  it  can  fcarce  be  doubted  that  Light  moves  from 
one  Place  to  another. 

We  obferve  alfo  that  Fire  is  carried  off  in 
Vapours  and  Smoke  ;  in  which  Cafes  Fire  car¬ 
ries  with  it  the  Bodies  to  which  it  adheres,  and 
yet  is  often  mov’d  very  fwifc :  If  the  Subtility 
of  Fire  be  confider'd,  it  will  eafily  be  found 
that  it  is  immenfly  retarded  by  the  Bodies  to 
which  it  adheres ;  and  that  as  foon  as  it  is  freed 
from  them,  it  is  mov’d  with  a  very  great  Ve¬ 
locity. 

There  are  feveral  other  Things  very  well 
worth  obferving  in  refped  to  Light  and  Heat, 
but  a  great  many  of  them  are  hard  to  explain. 
In  Natural  Philofophy,  when  we  are  ignorant 
of  the  Caufes,  we  muff  only  mention  the  Ef¬ 
fects. 

591  We  fee  feveral  heated  Bodies  that  become  lucid  if 
their  Heat  be  encreas’ d  ;  fuch  are  Metals  :  They 
emit  Fire  by  the  Agitation  of  their  Parts,  but 
if  the  Motion  of  the  Parts  be  encreafed,  part  of 
the  Fire  is  mov’d  in  right  Lines,  and  the  Body 
Clines. 


Thus 
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Thus  if  Smoke  be  made  hotter  by  applying 
Flame  to  it,  it  is  chang’d  into  F.ame  ,•  that  is, 
it  becomes  a  lucid  Body. 

Experiment  i.  Plate  II.  Fig.  3.]  Having  blown 
out  the  Candle  C,  which  lends  out  the  Smoke 
F  ;  let  another  lighted  Candle  A  be  brought  to 
it,  and  the  Smoke  of  the  firft  will  be  chang’d 
into  Flame,  and  that  fucceffively  quite  to  the 
Candle  C,  which  is  thus  lighted  by  the  Candle 
A,  tho’  it  be  7  or  8  Inches  from  it. 

We  have  faid  that  Air  a<5fs  upon  Fire  *;  one  of  '  577 
its  EiFefts  upon  it,  that  in  many  Cafes  is  not  to 
be  overlook’d,  fliews  itfelf  in  refpeft  of  Light. 

For  the  Prefence  of  the  Air  is  often  necejfary  for  the  eg-> 
ProduElion  of  Light  or  Prefervation  of  Fire ,  which 
may  be  obferv’d  in  the  burning  of  all  thofe  Bo¬ 
dies  that  go  out  when  the  Air  is  taken  away  from 
them. 

Experiment  2.]  Put  a  lighted  Candle  under 
the  Receiver  of  the  Air-Pump;  exhauft  the  Re¬ 
ceiver,  and  the  Candle  will  immediately  go  out. 

Plate  II.  Fig.  2.  Experiment  3.]  Take  a  round 
Plate  of  Steel  of  about  3  Inches  Diameter,  fvith 
an  Hole  in  the  middle  to  receive  the  Axis  which 
is  to  be^  mov’d  in  Vacuo  *,  and  let  it  be  prefs’d  * 
and  fix’d  between  two  round  Pieces  of  Wood 
by  help  of  the  Screws  d,  d ;  let  Pieces  of  Flint 
:  be  fatten'd  to  the  Spring  f  f,  fo  that  by  the 
Motion  of  the  Axis  the  Heel  Plate  may  rub 
1  nimbly  againft  the  Flints.  As  long  as  there  is 
1  any  Air  in  the  Receiver  the  Attrition  will  pro-* 

1  duce  Sparks  of  Fire ;  but  when  the  Air  is  drawn 
1  out,  tho’  you  continue  the  Attrition,  you  Can 
perceive  no  Light;  but  upon  re-admitting  the 
Air,  it  becomes  again  feniible. 

'  Vot.II.  C 
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594  We  obferve  alfo  on  the  contrary  that  very  often 
the  Ahfence  of  Air  is  neceffary  for  Light ,  as  might  be 

*  5^7  obfeiVd  in  the  Experiments  already  mention’d 
571  And  laflly,  That  taking  away  the  Airy  the  fame 
Light  which  may  he  feen  in  the  open  Air ,  is  fome- 
times  encreafed . 

*575  Experiment  4.]  With  the  Phofphorus  *  above¬ 
mention  Jd  write  or  draw  Figures  upon  Paper, 
and  they  will  jfhine  in  the  dark,  as  we  faid  be¬ 
fore  ;  but  the  Paper  will  become  much  brighter 
in  Vacuo . 


CHAP.  IV. 

Of  the  Dilation  occaJJond  by  Heat . 

AL  L  Bodies  are  dilated  by  the  Adion  of 
Fire  *  ;  but  that  Dilatation  changes  as  the 
Heat  changes  ;  fo  that  it  feems  to  depend  rather 
upon  the  Motion  than  the  Quantity  of  the  Fire ;  for 
Bodies  are  expanded  as  well  by  rubbing  as  by 
applying  Fire  to  them  externally. 

Experiment  1.  Plate  III.  Fig.  1.)  Take  a  fquare 
Iron  Bar  about  3  Foot  long  and  \  of  an  Inch 
thick,  and  having  laid  it  upon  a  Board  between 
two  firm  Obftacies  or  Standards  O,  O,  be¬ 
tween  one  of  the  Obflacles  and  one  End  of  the 
Bar  thruft  in  an  Iron  Ruler  about  4  or  5  Inches 
long,  (made  Wedge-Fafiiion,  being  \  of  an  Inch 
broader  at  R  than  at  /,  and  divided  into  equal 
Parts)  as  far  as  it  will  go  ;  and  obferve  the  : 
Divifion  that  is  againfi:  the  End  of  the  Bar, 
which  muft  be  a  little  oblique,  that  it  may  the 
better  apply  itfelf  to  the  Ruler. 

Then  let  the  Bar  be  heated,  either  by  Attri¬ 
tion  or  Fire ;  then  let  it  again  be  put  between 

the 
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the  Standards,  and  the  Ruler  thruft  in  between  : 

*  As  the  Ruler  will  not  go  in  fo  far  as  the  Divi~ 
vifion  that  was  obferv’d  before,  it  is  plain  that 
the  Bar  is  lengthen  d  by  Heat. 

Experiment  a.  Plate  II.  Fig.  4  ]  That  Liquids 
as  welt  as  Solids  are  dilated  by  Heat  may  be  prov’d 
“  chf  following  manner.  Take  a  Glafs  Ball  G  eai 
that  has  a  fmall  Tube  ED  for  its  Neck,  and  5 
tnl  it  with  fome  Liquor  up  to  what  Height  you 
pleafe  in  the  Tube,  and  the  Liquor  will  afcend 
m  the  Tube  when  you  heat  the  Ball  ;  a  fmall 
Degree  ot  Heat  will  produce  this  Effoft,  even 
tho  you  ufe  Mercury,  the  denfeft  of  all  Fluids, 
i  he  Experiment  will  be  made  in  the  fame  man- 
ner  but  better,  if  inftead  of  a  Ball  you  ufe  an 
hollow  Cylinder  C  with  the  long  Tube  BA 
)oyn  d  to  it ;  for  the  whole  Liquor  will  be  fooner 
heated  in  a  Cylinder  than  in  a  Ball. 

It  the  Tube  E  D  or  BA  be  divided  into  equal 
Parts;  or  the  Tube  with  its  Ball  or  Cylinder 
be  fitted  to  a  Frame  on  which  equal  Divilions  Se8 
are  mark  d,  the  Heat  may  in  fome  fort  be  mea- 
fured  by  this  Machine  :  For  the  Liquor  rifes  or 
fubudes  m  the  Tube  as  the  Heat  of  the  neigh¬ 
bouring  Bodies  is  encreas’d  or  diminifh’d.  Such 
lnitruments  are  call'd  Thermometers  and  are  of 
common  Ufe.  They  do  indeed  (hew  a  Change  I99 
m  the  Heat,  but  it  is  uncertain  whether  they 
hew  the  Degree  of  Heat;  that  is,  it  is  not 
known  what  Relation  there  is  between  the 
Change  ot  Expanfion  and  the  Change  of  Heat, 
io  as  to  enable  us  to  compare  together  the  De- 

f)natation^ear>  ^  COmparin§  tlle  Degrees  of 

If  the  Ball  G  or  Cylinder  C  be  fuddenly  heated 
the -Liquor  in  the  Tube  will  immediately  defeend’ 
but  immediately  after  rife.  Byreafon  of  the  fud- 
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den  Heat  the  Glafs  itfelf  grow  hot  fooner  than  the 
Liquor  contain’d  in  it ;  and  therefore  when  the 
Glafs  is  dilated  by  the  Heat,  the  Cavity  grows 
bigger,  fo  that  the  Liquor  defcends ;  but  the 
Heat  being  prefently  communicated  to  it,  it  ri- 
fes  again  by  its  Expanfion.  .  .  ., 

From  the  Expartfion  of  Bodies  it  is  evident 
that  the  Particles  of  "which  Bodies  confift,  from  the 
APhon  of  the  Fire ,  acquire  a  repellent  Force,  by  which 
they  endeavour  to  fly  from  each  other,  and  which 
a6ts  contrary  to  that  Force  by  which  the  “arti¬ 
cles  come  to  each  other  *.  As  long  as  this  lalt 
Force  is  ftronger  than  the  other,  the  Particles 
cohere  more  or  lefs,  according  to  the  different 
Degree  of  Heat.  When  the  repellent  Force  is 
almoft  equal  to  the  attradhve,  the  Particles 
which  were  before  firmly  join’d,  fcarcely  cohere, 
yield  to  any  Impreffion,  and  are  eafily  mov  d 
one  amongft  another  ;  whence  we  fee  that  a  So- 
l,d  Body  is  chang’d  into  a  Liquid  by  Heat,  which 
may  be  obferv’d  in  all  Bodies  that  are  liquified 
bv  Heat,  and  return  to  their  firft  State  upon  the 
Diminution  of  the  Heat.  It  is  a  Quefhon, 
Whether  all  Fluidity  is  not  owing  to  Heat  ?  which 
cannot  be  determin’d,  becaufe  we  know  of  no  Bo¬ 
dy  that  is  entirely  without  Fire  in  it;  it  is  cer¬ 
tain  that  Heat  is  not  only  the  Caufe  of  Fluidity 
in  Metals,  Wax,  and  fuch  like  Bodies,  but  that 
feveral  Bodies,  which  are  commonly  reckon  d 
Fluid,  are  only  fo  by  reafon  of  their  Heat;  thus 
Water  is  melted  Ice  ;  for  when  part  of  the  Heat  of 
the  Water  is  gone,  it  grows  fix  d. 

Heat  may  be  fo  encreas  d,  that  m  fome  Bo¬ 
dies  the  attrafting  Force  is  overcome  by  the  re- 
pelliiw  Force ;  in  which  Cafe  the  Particles  fly7 
from  °each  other;  that  is,  acquire  an  elaftic 
Force,  fuch  as  the  Particles  of  Air  have  *,  which 
Elaflicity  is  encreafed  even  in  the  Air  by  Heat. 
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We  may  obferve  this  Effedt  in  Smoke  and  Va¬ 
pours. 

Experiment  3.  Plate  III.  Fig .  2.]  Take  an  hol¬ 
low  Brafs  Bali  E,  of  about  4  Inches  Diameter, 
with  an  Handle  M  ;  this  Ball  has  a  Pipe  T  with 
an  Hole  of  hardly  the  twentieth  part  of  an  Inch. 

Let  this  Ball  be  heated,  and  the  Air  in  it  will 
expand  itfelf  *  and  come  out  thro’  the  Pipe ;  *  597 
then  immerging  the  Ball  in  Cold  Water,  the  Air 
will  be  again  condens'd  by  the  cold,  and  the 
Water  will  go  into  the  Ball  by  the  PrefTure  of 
the  Atmofphere  upon  its  Surface. 

If  this  Ball  thus  partly  fill'd  with  Water  be 
laid  upon  the  Fire,  the  Moment  that  the  Water 
is  chang'd  into  Vapours,  thofe  Vapours  will  go 
out  thro'  T  ;  but  if  the  Heat  be  encreas'd  fo  as 
to  make  the  Water  boil  violently,  the  Vapours 
comprefs’d  in  the  upper  part  of  the  Ball,  will,  by 
their  Elaflicity,  endeavour  to  recede  from  each 
other  every  way,  and  rufh  violently  out  of  the 
Pipe.  Such  an  Inflrument  is  call’d  an  JEolipile.  606 

Experiment  4.]  The  following  Experiment  607 
{hews  a  more  fenfible  Effect  of  the  Elaflicity  of 
Vapours. 

Plate  III.  Fig.  3.]  Take  the  Ball  E  which  is 
alfo  of  4  Inches  Diameter,  made  of  Brals  or 
Copper,  but  thicker  than  the  former,  and  let 
it  be  plac'd  upon  a  little  light  Cart,  fuch 
as  is  reprefented  in  the  Figure.  In  its  up¬ 
per  Part  it  has  a  fquare  Pipe  T.  In  the  middle 
of  this  Pipe  there  is  a  Separation,  and  the  hind 
Part  of  the  Pipe  communicates  with  the  Ball. 
There  is  an  Hole  of  about  ;  of  an  Inch,  in  the 
middle  of  the  Separation  of  the  Pipe,  which  Pipe 
is  open  forwards.  This  Hole  is  fhut  up  with  a 
Iot"  Plate  that  goes  through  two  Hoics  in  the 
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Sides  of  the  Pipe,  and  applies  itfelf  to  the  above- 
mention’d  Separation.  As  the  Plate  is  made 
Wedge-wife,  if  you  flrike  upon  it  with  a  Ham¬ 
mer,  it  will  exadly  flint  the  Hole. 

Take  this  Ball  off  of  the  Cart,  and  open  the 
Hole,  and  having  heated  the  Ball,  immerge  it 
in  Water,  to  let  it  be  in  part  fill’d,  as  in  the  laft 
Experiment.  Then  having  fliut  the  Hole,  fet 
the  Ball  again  upon  the  Fire  till  the  Water  boils 
violently ;  and  then  if  you  make  it  faff  to  the 
Cart,  and  open  the  Hole,  the  Vapour  will  fly 
out  violently  one  way,  and  the  Cart  be  car¬ 
gos  tied  with  the  Ball  the  contrary  way. 

The  Vapour  being  very  ftrongly  comprefs’d, 
endeavours  to  recede  equally  every  way,  and 
therefore  oppoiite  Preffures  deftroy  one  another  ; 
but  when  the  Hole  is  open’d,  the  Vapour  which 
goes  out  does  not  prefs ;  therefore  the  Preffure 
one  way  being  taken  off,  that  which  ads  in  a 
contrary  Diredion  prevails,  and  the  Cart  is 
6qj  mov’d  along 

A  Sky  Rocket  rifes  up  into  the  Air,  becaufe 
the  Gun- powder  being  fet  on  Fire,  acquires  an 
Elafticity ,  and  its  Parts  endeavour  to  re¬ 
cede  every  way  :  As  the  Pipe  or  Cafe  of  it  is 
open  at  one  End,  it  is  lefs  prefs’d  that  way, 
and  confequently  at  the  other  end  the  Preffure 
prevails,  and  carries  up  the  Rocket. 
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Part  II. 


Concerning  the  Inflexion,  Refraction 
and  Reflexion  of  Light. 


CHAP.  V. 

Concerning  the  Inflexion  of  the  Rays  of  Light. 

A  V  I  N  G  premis’d  in  the  forego¬ 
ing  Part  what  regardsFire  in  gene¬ 
ral  ;  let  us  again  farther  examine  the 
Properties  of  Light  and  the  Phe¬ 
nomena  ariling  from  them. 

The  Things  obferv’d  concerning  Light  are 
very  wonderful,  yet  moft  of  them  are  explain’d 
a  few  Laws  of  Nature. 

Light  moves  in  right  Lines  can  be  inter-*  581 
cepted  by  an  Obflacle  which  wholly  Pops  fo 
much  Light  as  comes  upon  it,  but  flops  no 
more. 

Definition. 

Any  Light  confider’d  according  to  the  Direction  of  6 10 
its  Motion ,  if  it  he  all  carried  in  the  fame  Dire£liQny 
is  call’d ,  a  Ray  of  Light. 

C  4 
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Such  is  a  Beam  of  the  Sun’s  Light  going  thro* 
an  Hole, 

Fire,  as  has  been  faid,  is  attraded  by  Bo- 
*  549  dies  * ;  the  notable  Effeds  of  which  Attra&ion 
may  be  obferv’d  in  the  burning  of  Bodies  •  they 
6n  are  alfo  fenfibie  in  Light;  for  -when  Light  paffes 
near  Bodies ,  it  is  turn d  out  of  the  fir  eight  way ;  which 
may  be  diftindiy  perceiv’d  by  the  following  Ex¬ 
periment, 


Experm. i.  P/atellL  Fig.  4.]  Take  a  little  Board 
T  about  6  Inches  long  and  as  high,  with  an  Hol¬ 
low  c  c  in  its  Surface,  in  which  two  Plates  of  Steel 
flide,  each  of  which  has  an  Edge  like  a  Knife  :  the 
two  Edges  may  be  brought  together  in  the  mid¬ 
dle  of  the  Board,  and  be  join’d  together  exad- 
ly.  At  the  Place  where  they  meet  there  is  a 
fquare  Hole  in  the  Board  of  almoft  an  Inch, 
that^  a  Beam  of  Light  let  into  a  dark  Room 
thro  an  Hole  of  a  quarter  of  an  Inch  in  Diame¬ 
ter,  may  pafs  thro’  the  faid  fquare  Hole,  fo  as 
to  come  to  the  Plates. 

If  the  Diftance  between  the  faid  Edges  be  of 
about  the  10th  part  of  an  Inch,  and  the  Light 
be  made  to  pafs  between  them,  the  Board  being 
fet  at  the  Diftence  of  3  Foot  from  the  Window, 
if  the  Light  falls  upon  the  Paper  A,  at  5  Foot 
beyond  the  Board,  there  will  appear  on  each  fide 
of  the  tranfmitted  Beam  a  Light  like  that  of  the 
Tail  of  a  Comet ;  which  proves  that  the  Light 
is  infletted  as  it  paffes  by  the  Edges  of  the 
Plates,  as  is  plain  from  the  Figure. 

If  you  bring  the  Plates  nearer,  (as  for  Ex¬ 
ample)  within  the  hundredth  part  of  an  Inch, 
inftead  of  the  Light  above-mention’d,  you  will* 
on  each  fide  of  the  Light  of  the  Beam  upon  the 
Paper,  fee  three  colour d  Fringes  parallel  to  the 
/ .  -  '  —  -  Ed^es 
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Edges  of  the  Plates,*  which  will  Hill  appear  more 
diftinft,  if  the  Hole  in  the  Window  be  made 
lefs.  I  (hall  hereafter  explain  whence  thefe  Co¬ 
lours  arife.  Now  it  is  enough  to  deduce  from 
this  Experiment,  that  Light  is  attrailed  by  Bodies 
that  infkft  its  Rays  ;  for  if  there  was  not  a  Mo¬ 
tion  towards  the  Body,  the  whole  Beam  would 
have  continu’d  in  its  direct  Motion. 

But  the  Attion  of  Bodies ,  by  which  they  a£l  upon 
the  Light  to  attratt  it,  exerts  itfelf  at  a,.fenjible  Di - 
fiance ;  as  is  plain  from  the  Experiment. 

Experiment  2.  Plate  III.  Fig.  4.]  Every  thing 
elfe  being  as  in  the  former  Experiment,  if  the 
Plates  be  brought  nearer  together  within  Tl. 
part  of  an  Inch,  no  Light  will  appear  upon  the 
Paper  between  the  Fringes  above-mention’d  ;  fo 
that  in  this  Cafe  all  the  Light  which  pafles  be¬ 
tween  the  Edges  is  infle&ed  on  either  fide,  fo  as 
to  produce  the  Fringes  above-mention’d.  Which 
plainly  fhews  that  Steel  a£ts  upon  Light  at  lead 
at  the  Diftance  of  part  of  an  Inch. 

It  is  alfo  proved,  that  "that  Action  is  encr eas’d  61 1 ; 
as  the  Diflance  is  dimini/h’d. 

Experiment  3.  Plate  III.  Fig.  4.]  Things  being 
dill  in  the  fame  Difpofition,  leflen  the  Difiance 
between  the  Plates;  and  the  Fringes  will  vanifh 
fucceflively,  till  the  Plates  being  join’d  together, 
no  Light  pafles  between  them.  The  Fringes 
which  vanifh  firfl  are  thofe  that  are  produc’d 
by  the  Rays  which  are  leaft  infleded  ;  and  thofe 
vanifh  laft  which  are  produc’d  by  the  Rays  that 
are  moft  infle&ed  ;  that  is,  when  the  Edges  come 
towards  one  another,  the  Shadow  between  the 
Fringes  made  by  each  Edge  is  continually  en- 
creas’d,  till  at  lafi  the  whole  Light  on  each 
fide  vanifhes.  Whence  it  plainly  follows,  that 

the 
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the  Rays  are  more  inflected  the  nearer  they  pafs 
by  the  Edges ;  that  is,  the  Attraction  is  encreafed 
as  the  Diftance  is  diminifh’d. 

&!4  But  this  Attraction  has  fomething  particular, 
for  the  Attraction  of  one  Edge  is  increafed ,  as  the  other 
is  brought  near  it.  Which  is  plainly  feen  in  this 
Experiment ;  for  as  the  Edges  are  brought  to¬ 
wards  one  another,  the  Inflexion  of  the  Rays  con¬ 
tinually  becomes  greater. 


CHAP.  VI. 


Concerning  the  RefraBion  of  Light  and  its 

Laws . 


ALL  that  gives  paffage  to  Light ,  is  call'd  a 
j[jL  Medium. 

Glafs,  Water,  and  a  Vacuum  it  felf  are  Mediums. 

When  a  Ray  of  Light  goes  out  of  one  Medi¬ 
um  into  another,  it  is  often  turn'd  out  of  the 
right  Line. 

Definition  IL 


This  Inflection  is  called  RefraBion . 
gl5  In  order  to  produce  RefraBion ,  the  Mediums  muflbe 
of  different  Den  fines,  and  the  Ray  mufl  make  an  oblique 
Angle  with  the  Surface  that  feparates  the  Mediums . 

RefraBion  arifes  from  this ,  that  the  Rays  are  more 
attraBed  by  a  denfe  then  by  a  rare  Medium ;  from 
which  Attraction,  that  we  have  prov’d  in  the 
foregoing  Chapter,  all  that  relates  to  Refraction 
may  be  deduc'd. 

Sip  Let  E  F  be  the  Separation  of  the  Mediums  ; 
and  let  X  be  in  the  denfer,  and  Z  in  the  rarer 
Medium.  All  the  Particles  have  an  attractive 
@  31.  Force  *,  and  this  Force  alfo  obtains  in  Light. 
*6u.  Let  the  Diftance  at  *  which  the  Particles  exert 
their  Action,  be  that  which  is  comprehended 
between  the  Lines  E  F.  and  G  H,  Therefore 
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the  Light  which  comes  between  thofe  Lines,  will 
be  attraded  by  the  Medium  X. 

At  the  diftance  of  the  Line  G  H,  only  the  ex¬ 
treme  Parts  of  the  Medium  X  ad  upon  the  Light; 
at  a  lefs  Diftance  both  they  and  other  Parts  ad 
fo  as  to  encreafe  the  attrading  Force,  when  the 
Diftance  is  diminifh’d,  as  has  been  before  ob- 
ferv’d  *.  In  the  denfer  Medium  X,  let  the  Line* 
I  L  be  fuppofed  at  the  fame  diftance  from  E  F 
as  G  H  is  in  the  Medium  Z.  Let  the  Light  enter 
into  the  Medium  X,  and  it  will  on  ali  fides  be 
attraded  by  the  Particles  of  the  Medium  whofe 
Diftances  from  the  Light  are  lefs  than  the 
Diftance  between  E  F  and  G  H  ;  for  the  Light 
is  fuppos’d  to  be  attraded  at  that  Diftance  by 
the  Particles  of  the  Medium  X. 

As  long  as  the  Light  is  between  the  Lines 
E  F  and  I  L,  the  attrading  Force  is  the  ftrongeft 
towards  I  L,  becaufe  there  are  more  Particles 
that  draw  that  Way  ;  but  as  the  Number  of  Par¬ 
ticles  that  ad  the  contrary  way  encreafes,  that 
is,  as  the  Diftance  from  E  F  encreafes,  the  Force 
towards  I  L  is  diminifhed,  till  in  the  very  Line 
I  L  the  Light  be  equally  attraded  every  way  ; 
which  alfo  obtains  evere  wherein  the  Medium  X 
beyond  I  L. 

Suppofe  a  Ray  of  Light  to  come  in  the  Line 
A  ay  and  fall  obliquely  on  the  Surface  which  di¬ 
vides  the  Mediums,  or  rather  on  the  Surface 
G  H,  where  the  Adion  begins,  by  which  the 
Light  is  driven  towards  the  Medium  X  :  when 
the  Ray  comes  to  a  it  is  turn’d  out  of  the  right 
Line  by  the  Force  by  which  it  is  attraded  by  the 
Medium  X ;  that  is,  by  which  it  is  driven  to¬ 
wards  it  in  a  Diredion  perpendicular  to  its  Sur¬ 
face.  And  indeed  the  Ray  of  Light  is  bent  out 
of  the  right  Line  in  every  Point,  as  long  as  it  is 
between  the  Lines  G  H  and  I  L,  between 

which 
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which  thefaid  Attra&ion  aCts;  and  therefore  be¬ 
tween  thofe  Lines  it  defcribes  the  Curve  a  b,  in 
the  fame  manner  that  Projectiles  move  *.  Be¬ 
yond  the  Line  I  L  the  Action  which  bends  the 
Ray  ceafes  ;  therefore  it  goes  on  then  in  a  right 
Line  according  to  the  Direction  of  the  Curve  in 
the  Point  b . 

The  Diftance  between  the  Line  G  H  and  I  L 
is  very  fmall ;  therefore  when  we  confider  Re¬ 
fraction,  we  take  no  notice  of  the  bended  Part 
of  the  Ray,  which  we  look  upon  as  if  it  was 
made  up  of  two  ftrait  Lines  AC,  CB,  meeting 
at  C,  namely  on  the  Surface  which  divides  the 
Mediums. 

Thro*  C  draw  N  C  M  perpendicular  to  the 
Surface  of  E  F. 

Definition  III. 

6^o  The  Part  AC  of  the  faid  Ray}  is  call’d  the  incident 
Ray - 

Definition  IV. 

“V  -  *  *  •  -  • 

6  2i  The  Angle  ACN  is  call'd  the  Angle  of  In¬ 
cidence. 

Definition  V. 

^22  7 'he  Part  C  B  is  call'd  the  RefraCted  Ray. 

Definition  VI. 

633  The  Angle  B  C  M  is  call'd  the  Angle  of  Re¬ 
fraction. 

^24  In  this  cafe,  When  Light  goes  out  of  a  rare  into  a 
denfe  Medium ,  the  Angle  of  RefraElion  is  lefs  than 
the  Angle  of  Incidence  by  reafon  of  the  Inflexion  of 
the  Ray ;  for  thefe  Angles  wou5d  be  equal,  if  the 
Ray  A  C  continued  to  move  ftrait  on  in  the  Line 
C  D.  The  Ray  C  B  does  alfo  come  nearer  to  the 

Perpendicular 
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Perpendicular  C  M  ;  and  therefore  the  RefraBion  is 
faid  to  be  made  towards  the  Perpendicular. 

On  the  contrary,  Ij  the  Ray  goes  out  oj  a  denfer  61 5 
into  a  rarer  Medium,  it  will  recede  from  the  Perpen¬ 
dicular,  becaufe  the  denfer  Medium  attracts  the 
Ray  in  the  fame  manner,  whether  it  goes  out  ot 
a  rarer  into  a  denfer,  or  out  of  a  denfer  into  a 
rarer  Medium.  Therefore  if  B  C  be  the  Ray  ot 
Incidence,  C  A  will  be  the  refracted  Ray  ;  that  is, 

Let  the  Ray  come  from  either  Side,  and  it  it  will  move  2 
in  the  fame  Lines .  Therefore,  if  there  be  two  Rays,  627 
and  one  comes  out  of  a  denfer  Medium  into  a  rarer, 
and  the  other  out  of  a  rarer  into  a  denfer,  and  the 
Angle  of  RefraBion  of  the  one  be  equal  to  the  Angle 
of  Incidence  of  the  other,  the  two  remaining  Angles  of 
Incidence  and  RefraBion  will  be  equal  to  each 

Whence  it  follows,  that  7 he  Dtrechon  of  the 
Ray  is  not  chang’d,  if  it  moves  thro  a  Medium  ter¬ 
minated  by  two  Surfaces  parallel  to  each  other  ;  tor  as 
much  as  it  is  turn’d  towards  any  fide  at  its  tn- 
trance,  fo  much  exactly  is  it  turn’d  the  other  way 

as  it  °oes  out  of  the  faid  Medium. 

If  a  Ray  falls  perpendicularly  on  the  Surface  that 

feparates  two  Mediums,  it  will  not  be  turn’d  out  of  the 
ritbt  Line  by  the  AttraCnon  of  the  denfer  Me¬ 
dium  ;  becaufe  in  that  Cafe  it  aCts  in  the  Di¬ 


rection  of  the  Ray.  , 

Plate  4.  Pig.  2.]  To  confirm  what  we  have  laid  61,0 

by  Experiments,  take  a  Trough  or  open  Box  P, 
about 'a  Foot  long,  4  Inches  wide,  and  of  the 
fame  Depth.  Its  two  fides  abed,  abed,  are 
Planes  of  Glafs  parallel  to  each  other,  and  this 
Box  muff  be  fill’d  with  Water  two  Inches  and 

half  high.  .  ,  * 

The  Experiments  muff  be  made  in  a  aar 

Place  ;  the  Li^ht  mull  be  let  in  thro’  a  flit  in  the 

'moveable  round  Plate  O,  which  is  fix  d  to  the 

Wind- 
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Slit1i0,ThhUt,ardiS  eafi,y  turn’d  round> that  the 

Slit  may  be  inclin  d  at  Plealure :  the  Slit  is  4  In- 
ches  long  and  {  Inch  wide. 

T  «Ti!16  LlA h  r  ohat  ’?  let  in>  firikes  upon  the 
Looking-Glafs  S,  and  the  Slit  is  fo  inclin’d,  and 

ttetmQ|dl  p0  ed’ ,that  the  Beam  that  comes 
hJt  C  i,  S  l  r-,mray  ^  horizontally  refle&ed  by 

Po(iri°°  •  a  S’  t  le  Beam  being  in  a  vertical 

BmrH  T  hf  u  mrY  8°  thro’  a  vercical  Slit  *n  the 
Piatio’  °Tllie  £ame,D'menlions  as  ^at  in  the 
bread  d  c  his  Board  is  usd  to  diminifli  the 
oaautn  of  theBeam,  which  is  continually  encrea- 

Sides  of  d,fs™  h'  L‘eht  tbK 

f  oment  1  ]  Things  being  difpos’d  as  we 
I  ^  Defcription  of  the  Machine  * 

kt  the  Beam  faH  perpendicularly  on  the  Surface 

abc  d,  and  it  will  pafs  perpendicularly  thro’  the 
Water  and  the  upper  part  of  the  Trough  and 
not  be  turn  d  out  of  the  Way  at  all,  either  going 

i!  “*■"  W5 

bm  fheaToWl!l  p0nt,nufeitsMotion  drak  along/,  ? 
Kif  p3rt  iC  tn  the  Water,  wilfbe 
Dent  towards ,,  coming  towards  the  Pernendi, 
eular ;  which  confirms  (N°.  ^24.)  ^ 

fnSFZ”"* -3,J  Evcry  thin§  being,  as  in  the 

our  of  WPenmentS,’.the  Beam  which,  at  /  goes 
out  of  Water  into  Air,  is  turn’d  out  of  its  Wav 

fromwards  the  Perpendicular,  and  in  fuch  man 

3  ntaRa°vX  ?  the  famC  Direaion  as  the  X 

dent  Kay  that  goes  into  the  Water  at£  •  for  ;c 

2  goes 
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goes  on  parallel  to  the  Ray  /  h  continued : 
which  confirms  (Ng.  6 25,  626 ,  and  628. 

In  what  has  been  faid  hitherto,  we  have  only 
confider’d  the  Attradion  of  the  denfer  Medium, 
becaufe  it  over-powers ;  but  we  muft  not  over¬ 
look  the  Adion  of  the  rarer  Medium,  becaufe  it 
diminilbes  the  Adion  of  the  denfer,  which  adion 
becomes  fo  much  the  lefs  on  the  Rays  of  Light 
as  the  Mediums  differ  lefs  in  Denfity.  Therefore 
there  is  no  RefraBion  where  the  Denjities  of  Mediums 
are  equal ;  and  the  RefraBion  is  great  eft  •where  the 
Denfities  of  Mediums  differ  moft . 

The  Laws  of  Refradion  are  deduc’d  from  the 
Acceleration  which  the  Attradion  generates ; 
therefore  this  Acceleration  muft  be  examin’d. 

Definition  VII.' 

7 %e  Space  terminated  by  the  Planes  G  H  and  1  iff 3? 
is  call'd  the  Space  of  AttraBion. 

plate  4.  Fig .  1.]  The  Attradion  ads  between 

the  Planes  reprefented  by  thefe  Lines,  but  no,  ^ 

'  farther  *. 

The  DireBion  of  this  ABion  is  perpendicular  to  the 53  j 
Surface  that  feparates  the  Mediums ,  and  confequently 
to  the  Surface  I  L  j  and  its  Form  is  unequal  at  diffey  ent 
Diftances  from  that  Surface  But  it  is  equal  at*  619. 
equal  Dftances ,  becaufe  both  Mediums  are  fup- 
pofed  homogeneous,  and  alike  in  all  their 
Parts . 

The  Motion  of  the  Ray  A  C  may  be  refolved 
into  two  other  Motions,  according  to  the  Di- 
regions  A  O  and  O  C*,  of  which  the  firft  is*  ,9,; 
parallel  to  the  Surface  E  F,  and  the  fecond  per¬ 
pendicular  to  that  Surface  :  the  Celerities  of 
which  Motions  will  be  refpeftively  proportional 
to  thofe  Lines  A  O  and  O  C,  whilft  A  C  denotes 
the  Celerity  of  the  Ray  itfelf  *.  *9** 
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6 1 4  Ehe  Motion  >  according  to  the  Direction  A  O,  is  not 
chang’d  by  the  Attraction  perpendicular  to  the  Surface 
I  L,  only  the  Motion  according  to  O  C  is  accelerated. 

635  Keeping  the  Line  A  C,  that  is  the  Celerity  of 
the  Ray,  its  Inclination  may  be  chang'd,  where¬ 
by  alfo  the  Celerity  in  the  Diredion  O  C  is  alfo 
chang’d  ;  which  Celerity  wholly  vanifhes  if  the 
Angle  A  a  G  be  very  fmall.  In  which  cafe,  if 
after  Light  has  enter’d  into  a  denfer  Medium, 
its  Motion  be  refolv’d  into  two,  fo  that  the 
Diredion  of  the  one  be  perpendicular  to  the  Sur¬ 
face  I  L,  its  Celerity  mud  be  wholly  attributed 
to  the  Attradion  fo  often  mention’d.  For  as  it 
enters  into  the  Space  of  Attradion,  a  Motion  is 
generated  in  that  Diredion  ;  and  as  it  goes  thro’ 
that  Space,  in  which  a  new  Adion  does  every 
where  ad .  upon  the  Light  in  the  fame  Diredion, 
\t  is  continually  accelerated.  Which  Accelera¬ 
tion  obtains  in  every  Paffage  of  Light  thro’  the 
Space  of  Attradion  ,•  but  it  is  different  according 
to  the  different  Celerity  with  which  Light  comes 
perpendicularly  to  the  Surface  which  parts  the 
Mediums. 

If  the  Attradion  was  equable  thro’  the  whole 
Space  of  Attradion,  the  Laws  concerning  the 
faid  Attradion  might  be  determin’d  (as  was  faid 
ofthe  Acceleration  of  heavy  Bodies  after  N°i3o.) 
by  help  of  the  redangular  Triangle  P  QJR,  (Plate 
IV.  Fig.  3.)in  which  the  Lines  parallel  to  theBafe 
reprefent  the  Celerities,  whilft  Portions  of  the  Area 
of  the  Triangle  reprefent  the  Spaces  gone  thro’. 

But  here  we  have  always  the  fame  Space  run 
thro’,  namely  the  Breadth  of  the  Space  of  At¬ 
tradion,  becaufe  we  only  confider  the  Motion 
which  is  perpendicular  to  the  Surface  which  fe- 
parates  the  Mediums;  therefore  that  Space  is 
always  reprefented  by  equal  Parts  ofthe  Area  of 
the  Triangle  P  Q^R.  Let  P  d  c  reprefent  fuch  a 

Part 
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Parc  when  the  Celerity  is  equal  to  0.  The  Light 
enters  the  Space  of  Attraction  in  the  abovemen¬ 
tion  perpendicular  Direction,  that  is,  when  an 
incident  Ray  makes  a  very  fmall  Angle  with  the 
Surface  that  feparates  the  Mediums;  d  c  in  that 
Cafe  will  denote  the  Celerity  acquir'd  by  the 
Attraction,  and  with  which  the  Light  goes  out 
of  the  Space  of  Attraction. 

But  if  the  Light  goes  perpendicularly  into  the 
Space  ot  Attraction  with  the  Celerity  that  is  ex- 
prefs'd  by  f  g,  it  will  go  out  of  that  Space  with 
the  Celerity  k  /,  fuppofing  the  Areas  P  d  c  and 
fgib  equal  to  one  another,  as  appears  from 
what  has  been  Laid.  The  Triangles  P  d  c,  Pfg, 

V  h  i  are  Similar,  and  therefore  their  Areas  are  to 
one  another  as  the  Squares  of  the  homologous 
fides  d  c,  f  g,  h  i  •  but  the  Sum  of  the  Areas 
P  d  c,  P  f  g,  is  equal  to  the  Area  P  b  fby  reafon 
of  the  equal  Areas  P  dc  and  fgi  h  ;)  therefore 
alfo  the  Sum  of  the  Squares  of  the  Lines  dc  and 
fg  equal  to  the  Square  of  the  Line  h  i;  whence 
it  follows,  that  with  the  three  Lines  abovemen- 
tioned  one  may  form  a  rectangular  Triangle, 
whofe  Hypothenufe  will  be  h  t. 

Therefore,  In  a  reCl  angular  Triangle,  one  Side  0/636 
•which  is  the  Celerity  with  which  Light  enters  the  Space 
oj  Attraction  perpendicularly ,  and  the  other  fide  the  . 
Celerity  acquir  d  in  going  thro  that  Space ,  when  the 
Celerity  with  which  the  Light  enters  into  it  is  equal 
to  o ;  the  Hypothenufe  of  the  Triangle  will  be  the  Cele¬ 
rity  with  which  the  Light  goes  perpendicularly  out  of  the 
Space  of  Attrattion  on  the  other  Side :  Which  uni- 
verfally  obtains,  which  way  foever  the  At¬ 
traction  is  chang'd,  in  the  Space  of  Attraction 
according  to  the  different  Diftanceof  the  Planes 
that  terminate  that  Space.  Which  to  prove, 

Let  us  fuppofe  the  Space  of  Attraction  to  be 
diyided  into  two  Parts,  whether  equal  or  un- 

V  o  l.  II,  jD  equal 


34  Mathematical  Elements  Book  III. 

equal,  by  a  Plane  parallel  to  the  Surfaces  with 
which  it  is  terminated.  Let  us  fuppofe  befides, 
that  the  Attraction  is  not  the  fame  in  thofe  two 
Parts,  but  yet  that  it  does  not  vary  in  one  of 
them.  Thefe  Parts  are  to  be  confidered  as  two 
different  Spaces  of  Attraction.  Let  A  (Plate  IV. 
Fig.  4.)  be  the  Celerity  which  the  Light  ac¬ 
quires  in  going  thro*  the  firft  part  of  the  Space, 
when  it  enters  the  Space  with  the  Celerity  O. 
Let  B  be  the  Celerity  acquir'd  in  going  thro'  the 
fecond  Part  of  the  Space  when  the  fame  Light 
enters  that  Part  with  the  Celerity  O.  It  is  to  be 
obferv'd  that  this  Demonftration  relates  to  the 
Motion  perpendicular  to  the  Surface  which  fepa- 
rates  the  Mediums. 

Let  the  Light  enter  the  firft  Part  of  the  Space 
abovemention’d  with  the  Celerity  O,  it  will  come 
to  the  fecond  with  the  Celerity  A;  if  therefore 
a  right-angled  Triangle  be  form'd  with  the  Sides 
A  and  B,  the  Hypothenufe  E  D  will  exprefs  the 
Celerity  with  which  the  Light  will  go  out  of  the 
6$6  Space  of  Attraction  * 

If  the  Light  enters  the  Space  of  Attraction 
with  the  Celerity  F  G,  let  the  rectangular  Tri¬ 
angle  H  F  G  be  drawn  with  the  Sides  F  G  and 
A  ;  the  Hypothenufe  H  G  will  be  the  Celerity, 
with  which  the  Light  goes  out  of  the  firft  Part  of 
£36  the  Space  of  Attraction  and  enters  into  the 
Second  ;  and  if  you  draw  the  rectangular  Tri¬ 
angle  H  G  I,  whofe  Perpendicular  is  equal  to  the 
Line  B,  you  will  have  the  Hypothenufe  I  G  to 
denote  the  Celerity  with  which  the  Light  goes 
out,  and  continues  its  Motion  after  it  has  run 
6>6  thro'  the  whole  Space  of  Attraction  *. 

Now  we  muft  demonftrate  that  the  Celerity 
I  G,  is  alfo  the  Hypothenufe  of  the  rectangular 
Triangle  N  M  L,  whofe  Side  M  L  is  equal  to  the 
Celerity  F  G,  with  which  the  Light  enters  the 

Space 


Space  of  Attraction  •  and  whofe  other  Side  L  N 
is  equal  to  the  Line  E  D,  which  is  the  Celerity 
that  the  Light  acquires  in  going  thro’  the  whole 
Breadth  of  the  Space  of  Attraction,  when  it  has 
enter'd  it  with  tjie  Celerity  O  ,•  which  being  alfo 
demonftrated  in  that  Cafe,  in  which  two  diffe¬ 
rent  Forces  of  Attraction  aCt,  it  is  plain  that  the 
Propofition  of  M°  636  is  thereby  prov’d. 

But  it  is  plain  from  the  Conlideration  of  the 
rectangular  Triangles,  that  the  Lines  1  G,  and 
N  M  are  equal.  The  Square  of  the  Line  N  M, 
is  equal  to  the  Squares  of  the  Lines  N  L  and 
L  M  or  F  G  :  N  L  is  equal  to  the  Line  E  D, 
whofe  Square  is  equal  to  the  Squares  of  the  Lines 
E  C  and  C  D,  or  of  the  Lines  A  and  B,  which 
are  equal  to  F  H  and  H  I  :  therefore  the  Square 
of  the  Hypothenufe  N  M  is  equal  to  the  three 
Squares  of  the  Lines  F  G,  F  H,  and  H  I.  To 
which  three  Squares  the  Square  of  the  Line  G  I 
is  equal  ;  as  having  been  prov’d  equal  to  the 
Squares  of  the  Lines  H  I  and  H  G,  which  laff 
is  equal  to  the  Squares  of  the  Lines  H  F  and 

;  f  g. 

It  the  fpace  of  Attraction  be  divided  into 
ever  fo  many  Spaces  by  plane  parallel  Surfaces, 
which  terminate  that  Space,  and  the  different 
Parts  have  different  Forces  of  Attraction,  the 
fame  Demonffration  will  ferve  ;  and  the  number 
•ot  Divifions  may  be  made  any  how  in  infinitum ; 
which  Cafe  obtains  in  the  RefraCtion  which 
Light  fufters  going  out  of  any  Medium  into  ano¬ 
ther  of  different  Denfity  *  ;  to  which  Refrattion  <5  ^7 
therefore  the  Rule  of  N°.  6^6  may  be  applied.  *  633 

'Piate  IV.  Fig.  5.]  Let  Z  be  the  rarer,  and  X 
the  denfer  Medium,  and  let  them  be  feparated 
by  the  Plane  EF;  let  a  Ray  of  Light  A  C  fall 
obliquely  on  the  Surface  E  F;  let  A  C  denote 
the  Celerity  of  the  Light  in  the  Medium  Z,  and 
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let  that  Line  A  C  be  fettled  ;  that  i£,  let  it  be 
always  the  fame,  whatever  the  inclination  of  the 
Ray  is.  With  the  Center  C  and  the  Semidiame¬ 
ter  C  A  draw  a  Circle;  and  let  N  C  M  be  drawn 
perpendicular  to  E  F ;  from  A,  draw  A  Q  per¬ 
pendicular  to  N  C,  and  A  Qjco  E  F. 

Let  tis  conceive  the  Motion  along  AC  re- 
folv’d  "into  two  others,  the  one  along  A  O,  and 

*  i92  the  other  along  A  or  O  C*;  the  Line  O  C 

will  denote  the  Ray’s  Celerity  perpendicular  to  the 
Surface  E  F ,  which  Celerity  alone  is  encreafed 

*  634  by  the  Attraction  of  the  Medium  *. 

Let  C  P  be  the  Celerity  which  Light  acquires 
in  palling  perpendicularly  thro'  the  Space  of  At¬ 
traction  of  the  Medium  X ;  fuppoling  the  Cele¬ 
rity  of  Light  at  its  entrance  to  be  O,  the  Hypo- 
thenufe  O  P  of  the  rectangular  Triangle  PC  O 
will  be  the  Celerity  of  the  Ray  A  C  in  the 
Medium  X,  according  to  a  Direction  perpendi- 

*  637  ctilar  to  the  Surface  E  F  *  ;  the  Celerity  of  the 

Light  in  the  Direction  A  O  or  C^C,  parallel  to 

*  634  the  Surface  E  F  is  not  chang’d  *.  Therefore  let 

C  V  be  equal  to  A  O  or  QC,  and  V  B  per¬ 
pendicular  to  EF,  equal  to  the  Hypothenufe  PO, 
and  draw  C  B  ;  the  Motion  along  C  B  is  com¬ 
pounded  of  the  Two,  and  this  Line  by  its  Situ¬ 
ation  determines  the  Dire&ion,  and  by  its  length 
6  the  Velocity  of  the  Light  in  the  Medium  X  *;  which 

*  190  Celerity  is  not  changed  by  the  different  Inclination  of 

the  Ray  A  C.  For  the  Square  of  the  Line  C  B  is 
equal  to  the  Square  of  the  Line  B  V  or  PO, 
the  Square  of  the  Line  C  V  or  AO;  but 
the  Square  of  the  Line  P  O  is  equal  to  the 
Squares  of  the  Lines  P  C  and  C  O  :  therefore  the 
Square  of  the  Line  C  B  is  equal  to  the  three 
Squares  of  the  Lines  P  C,  CO  and  A  O  ;  which 
two  laft,  if  joyn’d,  will  give  us  the  Square  of  the 
Semidiameter  A  C  or  C  N  3  that  is,  CB  is  equal 

t;o 
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to  P  N,  whofe  Square  isalfo  equal  to  the  Square 
of  the  Lines  P  C  and  C  N,  and  which  under¬ 
goes  no  change  from  the  different  inclination  of 
the  Ray  AC. 

The  Line  C.  B  does  in  T  cut  the  Circle  which 
Is  defcril/d  with  the  Semidianteter  C  A  ;  from 
the  Points  B  and  T,  draw  B  S  and  T  R  perpen¬ 
dicular  toCM  -  by  reafon  of  the  Similar  Tri¬ 
angles  C  B  S,  C  T  R,  B  C  will  be  to  T  C  or 
C  A,  as  B  S  to  T  R  ;  which  Lines  therefore,  by 
reafon  that  JB  C  and  C  A  are  fettled,  will  have 
the  fame  Ratio  to  one  another,  whatever  be  the 
Angle  of  Incidence.  T  R  is  the  Sine  of  the 
Angle  of  Refraction  T  C  R,  .and  B  S  which  is 
equal  to  C  V,  that  is  equ^l  to  A  O,  is  the  Sine 
of  the  Angle  of  Incidence  A  C  O. 

Therefore  in  every  inclination  of  the  Incident  Ray  ,639 
there  is  a  fettled  and  conflant  Ratio  between  the 
Sines  of  the  Angles  of  Incidence  and  Refraction. 

Now  fince  B  C  and  C  A,  which  are  as  the 
Sines  abovemention’d,  do  alfo  denote  the  Cele¬ 
rities  of  the  Light  in  the  Mediums  X  and  Z,  it 
follows  that  thofe  Sines  are  inverfly  as  the  Celerities 
in  the  Mediums. 

If  the  Medium  Z  be  Air,  and  X  Water,  the  ^40 
aforefaid  Sines  are  as  4  to  3  ;  and  the  Celerity  of 
the  Light  in  Air  is  to  its  Celerity  in  Water,  as  3 
to  4.  But  if  Z  being  Rill  taken  for  Air,  X  be 
Glafs,  the  Sines  will  be  as  17  to  n.  One  Ex¬ 
periment  determines  this  for  all  Mediums. 

The  Ratio  between  the  Sines  of  any  Angles  is 
the  inverfe  Ratio  of  the  Secants  of  the  Comple-  6^1 
ments,  as  it  appears  in  this  Figure,  fuppofing  a 
Circle  drawn  with  the  Semidiameter  C  Qor  C  V ; 
for  then  A  C  (which  is  equal  to  C  T)  and  C  B 
will  be  the  Secants  of  the  Angles  A  C  Q^and 
B  C  V  Complements  to  the  Angles  of  Incidence 
and  Refraction,  and  inverfly,  as  B  S  (which  is 

P  3  equal 
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equal  to  A  O)  and  T  R,  which  are  the  Sines 
of  Incidence  and  Refraction  in  the  greater 
Circle. 

And  this  Proportion  of  the  Secants  gives  us  a 
Method  of  eafily  reducing  to  Experiment  the 
Prop,  of  N9  639. 

Experiment.  IV.  Plate  IV,  Fig.  6.  J  In  this  Ex¬ 
periment  the  Light  is  to  be  let  into  the  dark 
Chamber  thro’  a  Slit,  in  the  fame  manner  as  in 
the  former  Experiments,  and#  by  means  of  a 
Looking-Glafs  reflected  thro’  the  vertical  Slit  in 
the  Board  T. 

'fate  a  Trough  P,  nearly  of  the  fame  fize  as 
that  which  was  lis’d  in  the  former  Experiments, 
but  which. has?' only  one  end  of  Glafs,  namely  the 
little  Side  abed •  And  let  it  be  half  fill  d  with 
.Water. 

.  The  vertical  Beam  of  Light  being  made  to 
fall  obliquely  on  the  Glafs  End  of  the  Trough, 
the  Part  of  it  which  is  above  the  Water  goes  di- 
reftly  forwards,  and  at  h  falls  upon  one  of  the 
long  Sides  of  the  Trough  ;  but  that  Part  of  the 
Beam  which  is  refraded  in  the  Water,  goes  along 
g  i ,  and  ftrikes  againft  the  fame  Side  of  the 
Trough  at  i.  Whatever  the  Angle  be  which  the 
Beam  makes  with  the  End  or  Side  ah  c  d3  the 
Lines  fb  and  gi  will  always  be  to  each  other 
as  3  to  4  ;  as  is  very  eafily  fhewn  in  feveral 
Inclinations,  if  you  have  two  Scales,  each  with 
fmall  Divifions  on  them;  which  Divifions  in  the 
one  muff  be  to  the  Divifions  in  the  other,  as  3 
to  4  :  For  the  greater  Line#  i,  will  always  con¬ 
tain  as  many  of  the  great  Divifions  as  the  leffer 
Line  f  b  will  contain  of  the  fmall  ones.  The 
Angle,  which  f h  makes  with  the  Plane  a  b  c  d> 
is  the  Complement  of  theAngle  of  Incidence  to 

a 


Book  III.  of  Natural Philofophy . 


a  right  Angle,  and  the  Angle  made  by  the  Line 
g  i  with  the  fame  Plane  is  the  Complement  of  the 
Angle  of  Refra&ion  to  a  right  Angle;  therefore 
g  h  and  g  i  are  the  Secants  of  the  Complements 
of  the  Angies  of  Incidence  and  Refra&ion, 
which  have  a  conflant  Ratio  to  one  another  as 
this  Experiment. 

We  have  hitherto  confider’d  a  Ray  of  Light  642. 
going  out  of  a  rarer  into  a  denfer  Medium,  but 
the  fame  conflant  Proportion  of  the  Sines  men¬ 
tion’d,  N°  639,  holds  good  alfo  in  the  contrary 
Motion  of  the  Rays;  the  Angles  A  C  N,  M  C  B 
{Plate  IV.  Fig.  5.)  are  not  chang’d,  whether  the 
Incident  Ray  be  A  C  or  B  C  *.  In  that  cafe,  if  *  626 
B  C  be  the  Celerity  of  the  incident  Ray,  C  A 
will  be  the  Celerity  of  the  refracted  Ray;  for 
the  Motion  of  the  Ray  going  out  of  X  into  Z, 
is  retarded  in  the  fame  manner  by  the  Attraction 
towards  the  Medium  X,  as  it  is  accelerated  in 
the  contrary  Motion. 


> 


CHAP,  vi  1; 

Of  (he  Re  fraction  of  Light „  when  Mediums 
are  feparated  by  a  plane  Surface. 


Definition  I. 


R  Ays  proceeding  from  the  fame  Point,  as  a  Center , 
and  continually  receding  from  each  other ,  are 
faid  to  be  divergent. 


Definitio  n  II. 

Thofe  diverge  more,  which  make  a  greater  Angle  644 
with  each  other . 


D  E  F  I- 


40 


Mathematical  Elements  Book  III, 


^45 
<54  6 

647 


DeFI  N  ITION  III. 

The  Point  from  which  the  divergent  Rays  proceed > 
is  call  d  the  radiant  Point. 

The  more  the  Rays  diverge ,  fuppojing  them  at  equal 
di fiances  from  each  others  the  lefs  is  the  radiant  Point 
diftant  from  them ;  and  fo  on  the  contrary ,  the  Rays, 
are  often  mov’d  by  Refra£liony  as  if  they  came 
from  a  radiant  Point,  tho*  they  do  not  really 
proceed  from  fuch  a  Point ;  that  is,  if  the 
Rays  fhou’d  be  continu’d  or  produc’d  back  the 
way  from  whence  they  come,  they  wou’d  meet 
in  one  Point.  In  that  cafe  alfo  the  Rays  are  faid 
to  be  divergent. 


648 
<>4  9 


Definit  ion  IV,  and  V. 

Rays  which  concur  in  one  Points  or  wou  d  concur 
if  they  were  continued ,  are  faid  to  be  convergent ; 
and  thofe  are  more  convergent  which  make  greater 
Angles  between  themfelves. 


Definition  VI. 

^5°  The  Point  of  the  Concourfe  of  converging  Raysy  is 
call'd  the  Focus. 


Definition  VII. 

The  Pointy  in  which  converging  Raysy  and  fuch  as 
(being  intercepted  or  turn  d  out  of  the  Way  before  their 
Concourfe)  wou  d  have  concurs  a,  being  continued ,  is 
call'd  the  imaginary  Focus.  Which  name  is  alfo 
given  to  that  Point  from  which  thofe  divergent 
Rays  are  conceiv’d  to  flow,  which  do  not  pro- 
*  647  ceed  from  the  radiant  Point  *. 

652  The  more  the  Rays  converge ,  fuppojing  their 
diftance  from  each  other  to  be  the  famey  the  lefs 
difiance  from  them  is  the  Focus ,  whether  real  or 
imaginary* 


r 
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If  parallel  Rays  pafs  out  of  any  Medium  into  an -  <552 
other  of  different  Denfity ,  they  will  alfo  be  parallel 
after  RefraEhon  :  Becaufe  they  are  all  equally  in¬ 
flected  ;  for  in  all  this  Chapter  we  fpeak  of 
Mediums  feparated  by  a  Plane  Surface. 

Let  X  and  Z  be  two  Mediums ,  the  lafl  more  rare ,  <5^4 
and  the  other  more  denfe ,  feparated  by  the  Plane  E  S, 
(Plate  V.  Pig»  1 .)  from  the  Point  R  let  there  pro¬ 
ceed  the  divergent  Rays  P  C,  R  0,  R  n,  and  enter 
into  the  denfer  Medium :  Let  one  of  them  be  RC, 
perpendicular  to  the  Surface  ES  ;  this  lafl  is 
not  turn  d  out  of  the  way  *,  but  continues  its  *  62 9 
Motion  along  C  G.  The  Rays  Ro,  R«  are  re¬ 
loaded  towards  Perpendiculars  which  are  con¬ 
ceiv'd  to  fall  upon  the  Surface  ES  in  the  Points 
0  and  n  *  Thefe  Rays  are  mov'd  in  the  denfer  *  62 4 
Medium ,  as  if  they  all  proceeded  from  the  imagi¬ 
nary  Focus  r,  which  is  farther  diftant  from  the  Sur¬ 
face  than  R,  if  the  Rays  are  not  too  much  fatter  d; 
which  yet  is  not  to  be  underflood  Mathemati¬ 
cally;  for  by  a  Point  we  underfland  a  fmali 
Space,  fuch  as  is  otherwife  call’d  a  Phyficai 
Point. 

To  demonflrate  this  Propofition,  we  mufl 
confider,  that  the  Angle  RoCis  the  Comple¬ 
ment  of  the  Angle  of  Incidence  to  a  Right- An¬ 
gle;  and  that  the  Angle  ro  C  is  alfo  the  Com¬ 
plement  of  the  Angle  of  Refradion  to  a  Right- 
Angle  ;  and  therefore  that  the  Lines  R  0,  ro,  are 
the  Secants  of  the  Complements  of  the  Angles 
of  Incidence  and  Refradion,  fuppofing  the  Se¬ 
midiameter  to  be  0  C ;  between  which  Secants 
there  is  a  conflant  Proportion  *.  In  the  fmali  * 
Divergence  Ro  and  R  C,  as  alfo  ro  and  rC,  6;9- 
they  do  not  fenfibly  differ,  and  between  RC 
and  r  C  the  Ratio  is  always  conflant ;  that  is, 
r  is  fix'd  as  well  as  R,  tho’  the  Inclination  of 

the 
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the  Ray  be  chang’d  :  And  therefore  R  n  is  re¬ 
traced  along  n  A,  as  if  it  had  proceeded  from  r. 

If  the  Rays  are  too  much  difpers3 d,  this  De- 
monftration  will  not  ferve,  and  the  Place  of 
Concourfe  r  cannot  be  taken  for  a  Pomt :  In 
this  Cafe  a  little  Circle  mufl  be  imagin’ d  there, 
into  which  all  the  Rays  concur ,  which  will  be  the 
greater y  the  greater  the  Angle  is  that  the  divergent 
Rays  make. 

If  fome  Rays  proceeding  from  R  are  not  too  much 
difperfedy  but  fall  very  obliquely  on  the  Surface  E  S, 
they  will  be  rejratted,  as  if  they  proceeded  from  a 
Point  not  very  remote  from  the  Point  r  :  As  is  plain 
from  what  has  been  faid. 


6$j  fhe  Rays,  fuch  as  An,  Bo,  GC,  which  come 
converging  from  a  denfer  Medium  X  into  a  rarer  Z , 
concur  fooner  than  they  wou’d  do,  if  they  fhou’d 
*62 $  continue  their  Motion  in  a  denfer  Medium  *  ; 
that  is,  become  more  convergent ,  and  the  real  Fo¬ 
cus  is  lefs  diftant  than  the  imaginary  one.  In 
this  Figure  the  imaginary  Focus  is  r,  and  the 
*  6$%  real  Focus  R  *.  This  Proportion  therefore  is 
properly  the  Inverfeof  the  Propofition  of  N0, 654. 
*626  and  therefore  *  both  are  prov’d  by  the  fame  Ex¬ 
periment. 


Experiment  1.  Plate  V.  Fig.  2.]  Thro’  the  Ball 
G,  which  is  moveable  in  the  Window-fhut,  and 
has  an  Hole  going  thro’  the  middle  of  it,  let  a 
cylindric  Beam  of  the  Sun  come  into  the  dark 
Room,  and  be  reflected  horizontally  by  the 
Looking-Glafs  S  ,•  let  it  then  go  thro’  the  Con¬ 
vex  Lens  of  Glafs  that  is  fix’d  in  the  Board  or 
Stand  T,  and  the  Rays  will  meet  together  at  R, 
and  beyond  R  will  move  as  if  they  proceeded 
from  that  Point ;  which  therefore  is  the  radiant 
Point. 


Convex 
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Convex  Lenfes  ot  Glafs  arc  very  common; 
we  fhall  hereafter  mention  their  Properties  ",  it  *  691 
being  needlefs  to  do  it  in  this  Place  :  Now  we  697- 
only  want  a  radiant  Point,  and  it  is' enough  to 
fiiew  how  to  make  it. 

Take  a  Trough  Box  P,  whofe  Side  a  b  c  d  is  of 
Glafs,  and  let  it  be  fill’d  with  Water  :  The  Rays 
which  diverge  from  the  Point  R  become  lefs  di¬ 
verging  when  they  go  into  the  Water. 

When  convergent  Rays,  as  HD,  Ip,  L  q  ( Plate  V.  65  8 
Fig.i.)  having  their  imaginary  Focus  at  f\  go  from 
a  rarer  Medium  Z  into  a  denfer  X ,  they  become  lefs 
convergent*,  and  concur  in  the  Focus  F,  which  ¥  62 
is  more  diflant  from  the  Surface  ES  *,  as  appears  *  65 
by  applying  here  the  Demonftration  given  in 

N"  654. 

Rays  proceeding  from  the  Point  F,  and  going  out 
of  a  denfer  Medium  into  a  rarer,  become  more  diver¬ 
ging,  and  moye  as  if  they  came  from  f ;  which 
Proportion  is  the  inverfe  of  the  foregoing,  and 
is  confirm’d  by  the  fame  Experiment  *.  '  *626 

Experiment  2.  Plate  V.  Fig.  3.]  Take  the  fame 
Box  P  as  was  ufed  in  the  former  Experiment  ; 
but  here  let  in  two  Beams  of  the  Sun  into  the 
dark  Room  through  two  Holes  in  the  moveable 
Plate  in  the  Window-fhut ;  let  them  be  both 
refle&ed  horizontally,  and  tranfmitted  through 
fimilar  convex  Lenfes  ;  thereby  the  Rays  of  the 
Beams  will  become  convergent,  having  their  Fo¬ 
cus  s  at  the  fame  Diffancc  ;  but  if  the  converg¬ 
ing  Rays  are  made  to  run  into  the  Water  in  the 
Box  thro’  the  Side  abed,  they  will  be  collected 
at  a  greater  Diflancc  ;  which  will  plainly  appear 
by  comparing  together  the  Situation  of  the 
Points  F  in  the  Air,  and  /  in  the  Water. 


CHAP. 
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CHAP.  VIII. 

Concerning  the  RefraBion  of  Light ,  when  a 
fpherical  Surface  feparates  the  Mediums. 

Plate  VI.  Fig.  i.]  TETX  and  Z  be  Me- 

.£  J  diums  differing  in  Detv* 
fity,  the  laft  the  rarer*  and  the  firft  the  denfer  ; 
let  them  be  feparated  by  the  fpherical  Surface 
E  S,  whofe  Center  is  C,  and  whole  Convexity 
is  towards  the  rarer  Medium. 

660  To  begin,  by  examining  the  moil  Ample  Cafe ; 

Let  us  fuppofe  parallel  Rays ,  as  B  O  and  A  n,  go¬ 
ing  out  of  a  rarer  into  a  denfer  Mediumy  and  falling 
upon  a  convex  Surface ,  fuch  as  we  have  juft  de- 
fcrib’d ;  Jet  one  of  them  be  B  Q,  which  being 
continu’d,  goes  thro’  the  Center,  and  falls  per¬ 
pendicularly  upon  the  Surface  ES;  and  there- 
*629  fore  is  not  turn’d  out  of  the  right  Line*.  All 
the  Rays  which  are  not  too  diftant  from  that  Ray 
come  nearer  to  it  by  the  Refra&ion  of  the  den¬ 
ier  Medium,  and  are  colleSled  into  one  Point  F  ; 

As  for  Example  ,*  Let  A»be  a  Ray  which  js 
refra&ed  along  n  F  •  thro*  the  Point  n  draw  to 
the  Center  C  the  Semidiameter  C  ny  and  let  it 
be  continu’d  to  p ;  as  this  Line  is  perpendicular 
to  the  Surface  which  feparates  the  Mediums, 
the  Angle  of  Incidence  is  A  npy  which  is  equal 
to  the  Angle  n CO;  the  Angle  of  Refra&ion  is 
CraF.  II  the  Arc  bO  be  a  very  final!  one, 
thefe  Angles  are  as  their  Sines,  whofe  Ratio  is 
*63s>conftant  \  Therefore  thefe  Angles  n  CO  and 
C?zF  are  increas’d  and  diminifh’d  in  the  fame 
Ratio,  as  alfo  their  Difference,  which  is  the  An-  j 

gle  «FO,  which  confequently  follows  the  Pro¬ 
portion  of  the  Arc  n  O,  which  is  the  meafure 
of  the  Angle  bCO^  as  long  as  the  Arc  n O 

i  does 
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does  not  exceed  15  Degrees,  the  Angle  hFO 
is  increafed  and  diminiflied  fenfibly  in  the  fame 
Ratio  &s  the  faid  Arc  •  and  therefore  all  the 
Rays  between  A  n  and  B  O,  do  by  their  Re¬ 
fraction  meet  fenfibly  in  the  Point  F. 

Experiment  i .  Plate  VI.  Fig.  2.]  Let  a  cylin- 
dric  Beam  of  the  Sun,  of  an  Inch  in  Diameter, 
made  up  of  an  innumerable  Quantity  ol  paral¬ 
lel  Rays  (which  are  fo  on  account  of  the  Sun's 
immenfe  Diftance)  be  let  into  the  dark  Room, 
as  in  the  firft  Experiment  of  the  foregoing 
Chapter,  and  be  reflected  horizontally  by  the 
Locking-Glafs  S. 

Fill  with  Water  the  Trough  P,  which  is  a  - 
bout  3  Inches  high,  and  as  wide,  and  one  Foot 
long.  Let  it  have  a  Glafs  V  made  faft  in  one 
of  its  Sides  :  This  Glafs  mull  be  a  Portion  of  a 
Sphere,  thin,  and  every  where  of  the  fame  Thick* 
nefs,  fuch  as  the  Cryftal  of  a  Pocket- Watch. 

The  Convex  part  of  the  Glafs  V  mull;  be  out¬ 
wards,  that  the  Water  next  to  it  in  the  Trough 
may  put  on  a  fpherical  Surface.  If  the  Rays 
above-mention  d  go  into  the  Trough  thro'  this 
Glafs,  becaufe  the  Glafs  is  thin,  and  has  its  Sur¬ 
faces  parallel,  there  is  no  fenfible  change  in  the 
Motion  of  the  Light  by  the  Refraction  of  the 
Glafs,  and  the  Light  enters  into  the  Water  in 
the  fame  manner  as  if  there  was  no  Glafs.  Let  the 
Trough  be  fo  difpos’d,  that  one  of  the  Rays 
may  pafs  thro’  the  Center  of  the  fpherical  Sur¬ 
face,  and  the  others  will  come  nearer  and  near¬ 
er  to  it,  and  at  lafl  concur  with  it  at  F. 

Plate  VI.  F/g.  3.]  Again,  let  X  be  the  denfer 
Medium,  and  Z  the  rarer,  and  let  them  be  fepara- 
ted  by  the  fpherical  Surface  ES,  whofe  Center  is 
at  C,  and  whofe  Convexity  is  towards  the  rarer 

Medium  :  From  the  radiant  Point  R  let  Rajs  pro-  <5 61 
'  -  ceed, 
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ceedy  and  enter  into  the  denfer  Medium  thro  the  Sur¬ 
face  ^  above-mention  d ;  fo  that  of  thofe  Rays,  that 
which  is  exprefs’d  by  RO,  being  continued, 
may  pafs  thro’  the  Center  •  this  Ray  is  not  re- 
frafted  as  it  goes  into  the  Water,  and  all  the 
reft  of  the  Rays  come  towards  it  by  the  Refra¬ 
ction,  and  when  they  are  not  too  divergent  are  col- 
letted  into  one  Point  as  F,  in  the  fame  manner  as 
was  faid  of  parallel  Rays  •  with  this  difference, 
that  the  Focus  F  in  that  Cafe  is  more  diftant. 
The  fame  Demonftration  will  alfo  ferve  here  as 
relates  to  parallel  Rays,  which  is  built  upon 
this  Foundation,  that  the  Angle  of  the  Incidence 
increafes  in  the  fame  Ratio  as  the  Arc  n  O, 
which  does  alfo  obtain  here,  when  the  faid  Arc 
does  not  exceed  1 5  Degrees.  Let  R  n  be  a  Ray 
of  Light,  and  from  the  Center  C  thro3  n  draw 
Cnp:  The  Angle  R  np  will  be  the  Angle  of 
Incidence;  let  it  be  divided  into  two  parts  by 
the  Line  nq,  parallel  to  the  Line  ROC;  the 
Part  pnq  is  equal  to  the  Angle  n CO,  which  is 
meafuFd  by  the  Arc  n  O,  and  which  therefore 
follows  the  fame  Proportion  as  that  Arc ;  and 
which  alfo  the  Angle  »RO  (if  it  be  very  fmall) 
does  follow,  and  is  equal  to  the  fecond  part  of 
the  Angle  of  Incidence,  which  alfo  does  wholly 
increafe  and  diminifli  in  the  fame  Ratio  as  the 
Arc  n  O  ;  for  the  Ratio  which  holds  in  refped 
of  every  Part  taken  fingly,  will  alfo  hold  in  re- 
fpedl:  of  the  whole. 

661  The  fame  Demonftration  may  be  applied 
to  any  diverging  or  converging  Rays,  which 
in  any  Cafe  are  relraded  in  palling  thro5  a 
fpherical  Surface  ;  and  which  ( as  appears  by 
this  Demonftration  )  when  they  diverge  but  lit¬ 
tle,  have  their  Focus  real,  or  imaginary,  or  run 

parallel.  It  is  enough  to  have  obferv’d  this  in 
general. 

i % 
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The  Focus  F  of  the  Rays  that  come  from  R ,  goes  663 
farther  of  when  R  is  brought  nearer ;  and  fo  on  the 
contrary.  For  the  radiant  Point  being  brought 
nearer,  if  the  Point  n  remains  the  fame,  the 
Angle  of  Incidence  is  increas’d  ,*  and  as  it  in- 
creafes,  fo  does  alfo  the  Angle  of  Refra&ion 
F  n  C,  and  n  F  interferes  R  C  at  a  greater  Di- 
fiance. 

v.  it  -  -  .  *  1  w  . 

Experiment  2.  Plate  VI.  Fig.  4.]  This  Experi¬ 
ment  differs  from  the  foregoing  only  in  this,  that 
a  Cylindric  Beam  of  the  Sun  reflefted  horizon¬ 
tally,  muft  be  tranfmitted  thro’  the  Convex  Lens 
in  the  Board  T,  as  was  done  in  the  Experiments 
of  the  foregoing  Chapters,  to  form  the  radiant 
Point  R,  from  which  the  Rays  going  forward 
diverging,  are  colleded  in  the  Water  at  a  great¬ 
er  Diftance  than  if  they  had  been  parallel. 

As  you  move  the  Board  T,  the  Point  R  alfo 
changes  its  Place  :  If  this  Point  is  farther  oft 
from  the  Surface  that  feparates  the  Mediums, 

F  falls  nearer  to  it.\  On  the  contrary,  if  R  be 
nearer,  F  is  farther  off. 

The  radiant  Point  may  he  brought  fo  near  to  the  <5^ 
Surface  above-mention’d,  that  the  Focus  will  re¬ 
cede  to  an  infinite  Diftance ;  that  is,  that  the  re - 
framed  Rays  will  run  parallel. 

,  *  f 

Experiment  3.  Plate  VI.  Fig.  5.]  Things  be¬ 
ing  difpos'd  as  in  the  former  Experiment ;  by 
removing  the  Board  T,  let  R  be  brought  nearer 
to  the  Trough ;  and  it  may  eafily  be  fo  difpos’d, 
as  to  make  the  refra&ed  Rays  become  parallel. 

< 

Experiment  4.  Plate  VII.  Fig.  1.]  Now  if  the  66$ 
Experiment  be  repeated,  bringing  nearer  to  the 
Trough  the  radiant  Point  R,  the  refraEled  Rays 
will  become  divergent ;  but  they  will  diverge  lefs  than 

the 
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666  the  incident  Rays .  If  the  Rays ,  •which  out  of  a 
rarer  enter  into  a  denfer  Medium  thro  a  convex 
Surface ,  be  converging  and  dire&ed  towards  the  Cen¬ 
ter  of  that  fpherical  Surface ,  they  will  fuffer  no  Re~ 

*  619.fr  aft  ion  *.  But  if  they  be  directed  towards  another 

66y  Point9  fince  they  are  refra&ed  towards  the  Per- 

*  624.pendicular  they  will  be  fo  indexed,  that  the 

Focus  of  thefe  converging  Rays  will  always  be 
between  the  Center  of  the  Surface  which  fepa- 
rates  the  Mediums  (to  which  all  the  Perpendij 
culars  are  dire&ed)  and  the  Point  to  which  the 
incident  Rays  tend.  "That  isy  if  the  imaginary 
Focus  of  the  incident  Rays  be  at  a  lefs  Diftance 
than  the  Center,  the  refra&ed  Rays  will  be  lefs 
converging  :  But  if  this  imaginary  Focus  be  be¬ 
yond  the  Center ,  the  refra&ed  Rays  will  be  more  con* 
verging . 


Experiment  5.  Plate  VII.  Fig.  2 .]  Every  thing 
being  in  the  fame  manner  as  in  the  former  Ex¬ 
periments,  it  is  eafy  to  confirm  thefe  Propofi- 
tions  by  Experiments  ;  for  the  Board  T  may  be 
fo  difpos’d,  that  the  convergent  Rays  {hall  enter 
the  Water,  fo  as  to  have  their  imaginary  Focus 
at  any  Diftance  in  it. 

From  what  has  been  faid  hitherto  it  is  eafy 

66 8  to  determine  what  happens  in  a  contrary  Motion 
*616.  0f  the  Pays  * ;  that  is*  the  Motion  of  the  Rays 

from  a  denfer  into  a  rarer  Medium,  the  convex 
Surface  remaining  towards  the  rarer  Medium. 

*  644.  Parallel  Rays  after  Refratlion  concur  in  a  Focm  *i 

669  The  Rays  that  come  from  a  radiant  Point  meet  al- 

*  661.  fo  in  a  Point  or  Focus  and  as  that  Point  is 

brought  near,  the  Focus  goes  farther  off;  and 
6^3-  f0  the  reverfe  on  the  contrary  *. 

6yo  The  radiant  Point  may  be  fo  p lac  J,  as  that  the 
Focus  (hall  fly  out  to  an  infinite  Diftance ;  that 

*  660.  is,  the  Rays  will  become  parallel  % 

if 
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If  the  i  adiant  Point  be  brought  nearer  ^  the  refra- 
tied  Rays  will  diverge  ;  they  will  diverge  lefs  than  ' 
the  incident  Rays ,  if  the  radiant  Point  be  more  di- 
fiant  from  the  Surface  than  the  Center  *.  *  66 7 

But  if  the  radiant  Point  be  between  the  Surface  672 
and  the  Center ,  the  refratted  Rays  will  be  more  di¬ 
vergent  *  *  667 

If  the  Rays  aye  convergent ,  they  become  more  c.on -  67 3 
vergent  in  every  Cafe ,  which  follows  from  the  Re¬ 
fraction  being  made  fromwards  the  Perpendicu¬ 
lar  *,  and  which  may  alfo  be  deduc’d  from  N°/ 

«J.  .  . 

Plate  Vll.  Kg.  Let  us  again  fuppofe  the  Rays  674 
to  go  out  of  the  rarer  Medium  Z  into  the  denfer  X, 
and  that  the  Hollow  or  Concave  of  the  fphericdl 
Surface  E  S,  which  fep arate s  the  Mediums ,  is  towards 
the  rarer  Medium .  If  the  Rays  be  parallel ,  as  B  O, 

A»,  BO  which  goes  thro’  the  Center  C  of  the 
Surface  E  S,  will  not  be  refra&ed  ;  but  A  n  is 
refracted  towards  the  Perpendicular.  C p  thro’ 
n  G  *,  and  being  continued  towards  Z,  interfe&s  *  624 
BC  O  at  f}  which  is  alfo  true  in  refped  of  the 
Rays  B  O  and  A  »  * ;  thofe  Rays  therefore  be -  *  66i 
come  divergent ,  having  their  imaginary  Focus  F 
in  the  rarer  Medium. 

Experiment  6.  Plate  Vlt.  Fig.  4.]  This  Experi¬ 
ment  differs  from  the  firft  of  this  Chapter,  only 
in  this,  that  the  Glafs  V  has  its  Concavity  to¬ 
wards  the  Air,  the  Trough  P  being  in  all  other 
Refpe&s  the  fame  ;  in  this  Cafe  the  Rays  of  the 
cylindric  Beam  diverge  in  the  Water. 

If  Rays  come  from  a  radiant  Point  in  C  B,  which  ? 
is  beyond  C  (  Plate  VII.  Fig.  3.)  the  Angle  of  In-  J 
cidenceAwC  is  diminifh’d,  and  therefore  alfo 
the  Angle  of  Relra&ion  Gnp  grows  lefs ;  that 
is,  the  ref  ratted  Rays  become  more  diverging ,  and  the 
V  o l.  II.  E  imagi- 
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*  646  imaginary  Focus  /  comes  nearer  to  C  * ;  till  by 

the  radiant  Point  coming  nearer,  at  length  it  co- 
incides  with  the  imaginary  Focus  at  C;  for  in 

*  629  that  Cafe  the  Rays  undergo  no  Refra&ion  . 

676  If  the  radiant  Point  comes  nearer  between  C 

and  O,  the  imaginary  Focus  is  farther  from  O 
than  the  radiant  Point,  for  it  is  always  between 
that  Point  and  C,  by  reafon  of  the  Angles  of 
*6  24  Refra&ion  being  lefs  than  thofe  of  Incidence  *. 

Experiment  7.]  Things  being  as  in  the  former 
Experiment ;  if  you  ufe  the  Board,  with  the 
Convex  Lens  in  it,  to  form  a  radiant  Point,  the 
Experiments  proving  thefe  Propofitions  may  be 
eafily  made. 

If  the  Rays  are  convergings  and  the  Point  of  Con - 
courfe  he  in  the  denfer  Mediums ,  near  the  Surface  •which 
feparates  the  Mediums  the  refraBed  Rays  will  alfo 
converges  but  lefs  than  the  incident  Rays. 

If  the  imaginary  Focus  of  the  incident  Rays 
recedes  more  and  more  from  O,  that  is,  if  they 
converge  lefs,  the  refraBed  Rays  will  alfo  converge 
lefs ;  until ,  by  the  receding  of  the  imaginary  Focus ,  the 
Rays  become  parallel- 

jf  the  imaginary  Focus  recedes  yet  farther y  the  re¬ 
fraBed  Rays  become  divergent. 

Experiment  8.  Plate  VII.  Fig.  5.]  Here  -  the 
Board  muft  be  fo  plac'd  in  refped  of  the  Trough, 
that  the  Rays  may  enter  the  Water  converging ; 
and  the  Phenomena  above-mentioned  may  be 
feen,  according  as  you  remove  the  faid  Board. 

Rays  which  from  a  denfer  go  into  a  rarer  Me¬ 
dium,  the  concave  Surface  being  towards  this  laft ,  are 
almoft  fubjed  to  the  fame  Laws. 

Parallel  Rays  by  RefraBion  become  divergent  *. 

If  they  proceed  from  a  radiant  Point ,  they  become 
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And  they  diverge  ftill  more  and  more  as  the 
7  adiant  Point  is  brought  nearer  ^  2 

Converging  Rays  which  tend  'to  the  Center  of  the  <L 
Jp  her  teal  Surface ,  undergo  no  Change  *.  ,  1 

If  they  converge  more  or  lefs,  the  imaginary  Focus  5o9* 
o)  the  incident  Rays  is  always  between  the  Center  of  ** 
the  Surface  which  Separates  the  Mediums  and  the  Fo-  ^ 
w*  of  the  refrafted  Rays  *,  which  may  recede  in  in-*  6i< 

fi  as  t0  make  the  ref  rafted  Rays  become  676.’ 
p&vcillzl  ^  ; 

We  have  hitherto  confider’d  fuch  Rays  as  are  ?4‘ 
"ut  inclin  d  to  the  Surface  which  feparates 
the  Mediums  ,  for  we  have  mention’d  fuch  in¬ 
cident  Rays  as  diverge  but  little,  and  one  of 
which  is  perpendicular  to  the  Surface  that  fe¬ 
parates  the  Mediums.  7 'he  fame  Proportions  hold  087 
good  in  oblique  Rays,  yet  in  that  Cafe  all  the  Rays 
are  inflefed,  which  does  not  happen  fo  in  direft 
ones;  for  the  Ray  which  is  perpendicular  to 
the  Surface  is  not  inflefted.  Oblique'  Rays 
alfo  undergo  a  greater  Refraftion ,  that  is 
they  are  more  infletted  either  to  or  from  each  other 

than  di reft  ones,  fuppofing  the  Circumflances 
the  lame. 

Plate  Vlll  Fig.  i.]  Let  Z  be  a  rarer,  and  X  a 
en  er  Medium,  ES  the  Surface  feparating  the 
Mediums,  and  having  its  Center  at  C ;  and  the 
parallel  Rays  An,  Bm  will  come  together  at  F. 

The  Rays  that  proceed  from  the  radiant  Point 
K  will  concur  at  f. 

Plate  VIII.  Fig.  2.J  If  the  Surface  be  turn’d 
fo  as  to  have  its  Concavity  towards  the  rater 
Medium,  the  parallel  Rays  As  and  Bm  will 
have  their  imaginary  Foci  at  /  •  but  its  Di- 
ftance  from  the  Surface  ES,  as  alfo  that  of  the 
above-mention’d  Foci  F  and  /  in  the  Figure  1. 
is  lefs,  than  if  the  Rays  were  direft. 

Vo  1.  II,  F  . 
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^33  All  the  Points  of  a  lucid  Body  aye  radiant  Points , 
and  have  each  their  particular  Focus ,  which  ferves 
to  explain  the  following  Experiment,  made  to 
confirm  what  has  been  faid  of  the  oblique  Rays. 
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Experim.9.  PlateV III.  jfog.3.]  Take  the  Trough 
P  mention'd  in  the  firft  Experiment,  and  fill  it 
with  Water ;  let  the  Glafs  V  be  all  cover'd,  but 
a  circular  part  in  the  middle  of  about  half  an 
Inch;  have  in  the  Trough  a  moveable  white 
Plane  T.  If  the  Candle  A  be  fet  at  the  Di¬ 
ftance  of  3  or  4  Foot  from  the  Trough,  let 
the  Plane  T  be  mov'd  backward  and  forward  in 
the  Water,  and  when  it  is  come  to  the  Diftance 
of  the  Foci  of  the  Flame  A,  that  Flame  will 
appear  exadly  reprefented  on  that  Plane;  all 
the  Foci  forming  a  Pidure.  And  this  holds 
good  whether  the  Rays  from  the  Candle  fall  ob¬ 
liquely  or  diredly  upon  the  Glafs  V,  only  that 
when  the  Rays  are  oblique  ( the  Diftance  of  the 
Candle  A  remaining  the  fame)  the  Diftance  of  the 
Plane  T  from  V  rauft  be  lefs.  In  this  cafe  alfo 
the  Candle  and  the  Glafs  V  will  not  be  in  the 
fame  right  Line  as  the  Reprefentation  of  it,  as 
it  happens  when  the  Rays  are  dired,  by  which  I 
the  Propofition  of  N°.  685.  is  confirm'd. 

7 he  Candle  is  reprefented  inverted 5  becaufe  the 
Rays,  which  proceed  from  different  Points,  in¬ 
terred  one  another  as  they  go  thro'  V,  as  may  1 
be  plainly  feen  by  looking  at  the  firft  Figure.  For  1: 
which  reafon,  if  there  are  two  Candles,  as  A 
and  B,  the  Reprefentation  of  the  laft  will  be  at  b,} 
and  that  of  the  firft  at  a . 

All  the  Changes  that  happen  in  Light ,  which  we 


have  taken  Notice  of  in  this  Chapter,  are  fi 
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much  the  more  fenfeble ,  as  the  Surface  feparating  the' 
Mediums  is  more  curve  ;  that  is,  a  Part  of  a  leffer 
Sphere . 
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CHAP.  IX. 

I  Concerning  the  Motion  of  Light  through  a 
viore  denfe  Medium .  Where  roe  fall 
take  Notice  of  the  Properties  of  Lenfes . 

THE  Ufe  of  Glajfes  is  common,  they  are  more  691 
denfe  than  Air,  and  the  Rays  out  of  Air 
]  pafs  thro3  the  Glafs  into  Air  again.  According 
l  to  the  feveral  Surfaces  that  terminate  the  Glafs, 
Light  undergoes  different  Changes  as  it  moves 
in  it;  which  to  determine,  the  Glades,  or 
;  any  Mediums  encompafs’d  with  a  rarer  Me- 
1  dium,  and  terminated  with  different  Surfaces, 

1  muff  be  examin’d.  If  we  confider  only  flane  and 
)  fpherical  Surfaces ,  there  aye  fix  Sorts. 

1.  The  Medium  may  be  plane  or  flat  on 
ij  both  Sides.  2.  Plane  on  the  one  Side  and  con¬ 
vex  on  the  other.  3.  Convex  on  both  Sides. 

4.  Plane  on  one  Side  and  concave  on  the  other. 

!  5.  Concave  on  both  Sides.  6.  Laftly ,  It  may  be 
terminated  with  a  concave  Surface  on  one  Side, 
i  and  a  Convex  one  on  the  other. 

Definition  I. 

If  Glafs  be  made  ufe  of,  and  is  not  very  69 2 
thick,  Glafles  whofe  Figure  is  mention’d  in  the 
laft  five  Cafes,  are  call’d  Lenfes  of  Glafs. 

In  the  fecond  and  third  Cafe,  a  Lens  is  faid 
to  be  convex  ;  and  if  we  diftinguifh  thofe  two 
j|  Cafes,  in  the  fecond  it  is  call’d  plano-convex. 

Ij  And  fo  in  the  fourth  Cafe,  it  is  faid  to  be  piano - 
:  concave  ;  tho’  both  this  Cafe,  and  the  fifth,  is 
!  generally  referr’d  to  concave  Lenfes.  But  a 
concavo-convex  Lens  is  referr’d  to  the  concave 
1  Qt  convex  Lenfes,  according  as  the  one  or  the 
other  Surface  is  predominant;  and  that  is  faid 

E  3  to 
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to  be  predominant  which  is  moft  curve ;  that 
is,  which  is  a  Portion  of  a  lefs  Sphere. 

Definition  II. 

&91  hn  every  Lens,  or  Medium,  terminated  in  any 
manner  above  defcribed,  a  right  Line,  -which  is  per¬ 
pendicular  to  the  two  Surfaces,  is  call’d  the  Axis. 
When  both  Surfaces  are  fpherical,  the  Axis  goes 
thro’  both  their  Centers  ;  but  if  one  of  them  be 
plane,  it  falls  perpendicularly  upon  that,  and  goes 
thro’  the  Center  of  the  other. 

69 4  In  the  Pafl'age  of  Light  thro’  a  Medium,  ter- 

f  minated  by  two  plane  Surfaces,  the  Direction  of 

618  the  Rays  is  not  changed •*  which  is  the  Cafe  in 
■plane  Glaffes . 

6 9 5  It  it  the  Property  of  all  forts  of  convex  Lenfes,  that 
the  Rays  in  their  Pajfage  thro ’  them  are  infleBed  to¬ 
wards  one  another-,  Jo  much  the  more,  as  the  Convexi- 

696  ty  is  greater :  And  of  concave  ones,  that  the  Rays  are 
defieBedfrom  one  another,  according  as  the  Concavity 
is  greater.  For  the  Direction  of  the  Rays  thro’ 

1 654  a  plane  Giafs  is  not  changed  ;*  but  by  infledting 
one  or  both  Surfaces,  another  Direction  is  given 
to  the  Rays :  They  are  more  infleded  towards 
the  Axis  or  the  Lens  by  reafon  of  the  Convexity 
of  the  Surface  of  the  Giafs,  and  by  making  the 
Surface  concave,  they  are  defle&ed  from  the 
Ax-S  ;  as  is  plain  in  every  Cafe,  by  comparing 
the  Inflexion  in  the  plane  Surface  that  is  perpen¬ 
dicular  to  the  Axis,  with  the  Inflexion  in  the 
fpherical  Surface  at  any  Diftance  from  the  Axis. 
And  the  Difference  of  their  Inflexions,  that  is 
the  Change  of  the  Dire&ion  of  the  Rays,  in¬ 
creases  as  their  Diftance  from  the  Axis  does  ; 
and  it  is  to  be  obferv’d  in  every  Direftion  of  the 
Rays,  as  well  in  oblique  Rays,  as  in  diredt  s 
but  the  Changes  are  greater  in  oblique  Rays,  becaufe 

£97  the  Angles  of  Incidence  are  greater.  From  which 
we  deduce  the  following  Properties  of  Lenfes. 

That 
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That  parallel  Rays,  by  paffing  thro ’  a  convex  Lens,  698 
concur  in  a  Focus, 

That  diverging  Rays  either  diverge  lefs,  or  run  pa -  699 
radel ,  or  laftly ,  converge ;  in  which  cafe  the  radiant 
Point  receding ,  the  Focus  comes  nearer,  and  fo  on  the 
contrary  :  But  this  is  the  Cafe,  when  the  radiant 
Point  is  farther  diftant  from  the  Lens  than  the 
Focus  of  parallel  Rays. 

Laftly,  That  converging  Rays  converge  more  when  7°° 
the  Light  emerges  out  of  the  Lens. 

‘The  fame  things  are  obfervable  in  oblique  Rays  ;  701 
concerning  which  it  is  to  be  noted ,  that  the  Diflances 
of  the  Foci  of  the  emerging  Rays ,  are  lefs  than  in  the 
direEl ,  and  the  other  Changes  more  fenfible .*  *  ^97 

All  thefe  fame  Things  may  be  deduced  from 
examining  the  double  Refra&ion  in  the  Entrance 
and  Emerfion  of  Light.  And  this  double  Refra- 
dion  is  vifible  in  every  Cafe,  by  the  following 
Experiments  ,•  by  which  the  aforefaid  Properties 
;  of  convex  Lenfes  are  confirm’d. 

Plate  VIII.  F/g.4.]  Take  feveral  Boxes  like  P,  702 
with  Water  in  them,  and  thro*  which  Light  is 
tranfmitted  thro’  the  Glaffes  V  and  V,  which 
1  are  placed  in  the  oppofite  Sides  of  the  Box, 

1  and  are  diftant  from  one  another  about  one 
I  Inch.  Thefe  Glaffes  are  thin  •  in  the  Box  which 
reprefents  a  convex  Lens,  on  each  Side  there  is 
placed  one,  like  that  of  the  firft  Experiment  of 
the  former  Chapter,  which  are  fo  difpofed  as  to 
have  their  Convexities  without  the  Box.  When 
a  plano-convex  Lens  is  to  be  reprefented,  on  one 
Side  there  is  a  plane  Glafs.  A  concavo-convex 
!  Lens  is  reprefented  by  two  fpherical  Glaffes,  that 
i  are  Portions  of  different  Spheres,  and  the  Con- 
*  vexity  of  the  Portion  of  the  greater  Sphere,  muft 
(  be  turn’d  towards  the  Infide  of  the  Box. 

Whilft  the  Light  paffes  thro'  thefe  Boxes,  the 
I  Changes  of  the  Light  are  vifible  to  the  Eye  in 
.  E  4  its 
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its  Entrance  into,  and  Emerfion  out  of  a  denfer 
Medium,  and  by  the  Afliftance  of  thefe,  all 
things  relating  to  convex  Lenfes,  are  clearly  de- 
monitrable. 


Experiment  1.]  Ex.  gr.  Let  P  be  one  of  the 
forementioned  Boxes,  with  the  fpherical  Giatfes 
V,V,  their  Convexities  being  placed  outwards; 
let  it  be  fill'd  with  Water  ;  in  a  dark  Room  let  a 
cylindric  Beam  of  the  Sun  be  horizontally  refled» 
ed  from  the  Looking-Glafs  S  •  let  this  Beam  enter 
the  Box ;  the  parallel  Rays  of  which  it  is  form’d 
will  be  infleded  towards  one  another,  and  will 
converge ;  at  their  Emerfion  on  the  other  Side, 
they  will  converge  more,  and  concur  in  F.  Ex¬ 
periments  may  be  made  of  the  incident  Rays, 
which  diverge  or  converge,  by  ufing  the  Board 
with  the  convex  Lens,  as  in  the  Experiments  of 
the  former  Chapter. 

Every  Point  of  a  lucid  Body,  as  was  faid  be- 
*  <588  fore,  is  a  radiant  Point,*  and  being  placed  at  a 
due  Diftance  from  a  convex  Lens,  every  one  has 
its  Focus/*! 


Experiment  2.]  Let  a  lighted  Candle  be  re¬ 
moved  from  a  convex  Lens  beyond  the  Focus  of 
parallel  Rays;  at  the  oppofite  Part  of  the  Lens, 
upon  a  white  Plane,  by  the  Foci  of  the  Points 
of  the  Flame,  it  will  be  reprefented ;  and  this 
Representation  will  be  inverted,  by  reafon  of 
the  Interfedion  of  the  Rays  in  their  Faflage 
thro’  the  Glafso 


703  Convex  Lenfes  are  alfo  burning  Glajfes ,  becaufe 
*698  they  colled  the  Rays  of  *  the  Sun,  which,  up¬ 
on  thp  account  of  the  immenfe  Diftance  of  the 
Sun,  are  efteem’d  as  parallel.  But  Rays  united 
in  a  Focus,  (by  reafon  that  the  Fire,  that  was 
before  difperfed,  is  now  collided,  and  by  rea- 
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fon  of  the  Motion  of  the  Fire,  according  to  va¬ 
rious  Diredions,)  do  burn  vehemently. 

Experiment  3.]  Take  a  convex  Lens  of  any 
Magnitude,  let  jt  be  fo  expofed  to  the  Rays  of 
the  Sun,  that  the  Axis  of  the  Lens  may  be  in 
the  Diredion  of  the  Rays  ;  if  any  combuftible 
Body  be  placed  in  the  Focus  of  the  Sun’s  Rays, 
it  will  burn. 

When  by  reafon  of  the  Magnitude  of  the  Lens 
the  Rays  are  not  exadly  enough  colleded,  be¬ 
fore  they  come  to  the  Focus,  they  mud  be 
tranfmitted  thro*  another  convex  Lens  that  is 
lefs^  by  which  they  will  be  reduced  into  a  fmaller 
Compafs,  fo  as  to  burn  more  violently. 

As  for  concave  Lenfes,  and  their  Properties, 
they  may  be  eafily  deduced  from  *  what  has  *  696 
been  faid. 

Parallel  Rays  become  diverging,  by  pajfing  thro  a  704 
concave  Pens, 

Diverging  Rays  diverge  the  more .  705: 

Converging  Rays  either  converge  the  lefsy  or  become  706 
parallel ,  or  ( as  it  happens  in  fuch  as  converge 
lefsj  go  out  from  the  Lens  diverging. 

All  which  things  happen  in  pblique  as  well  707 
as  dire#  Rays,  but  more  fenfibly  in  the  firff.*  *6  ,7 

Plate  IX.  Fig.  1.]  Boxes  to  reprefent  the  Ef-  708 
feds  of  concave  Lenfes,  are  made  in  the  fame 
manner  as  thofe  that  reprefent  the  Ededs  of  con¬ 
vex  ones.*  The  Difference  is  only  in  the  Pofi-  *702 
tion  of  the  Glades  :  In  the  firfl  Box  the  Conca¬ 
vities  of  the  two  fpherical  Glades  V,  V  are  out¬ 
wards.  In  the  fecond,  inftead  of  one  of  thofe 
Glades,  you  have  a  plane  Glafs.  In  the  third, 
you  have  two  fpherical  Glades,  but  Sedions  of 
diderent  Spheres,  the  Sedion  of  the  greater 
Sphere  has  its  Convexity  outwards,  and  the  o- 
ther  its  Convexity  inwards, 

Expe- 
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Experiment  4.]  Parallel  Rays  of  the  Sun  refle¬ 
cted  horizontally  in  a  dark  Chamber  by^  the 
Looking-Glafs  S,  muft  be  tranfmitted  thro’  the 
Box  P,  which  is  full  of  Water,  and  reprefents  a 
Lens  concave  on  both  Sides  :  As  they  go  into 
the  Box  they  will  begin  to  diverge,  and  as  they 
go  out  they  will  diverge  more. 

The  remaining  Experiments  relating  to  con¬ 
cave  Lenfes  are  made  in  the  fame  manner,  as  has 
been  faid  in  refpeCt  of  convex  Lenfes. 


CHAP.  X. 

Of  Vifion  j  ivheve  we  fhall  fpeak  of  the  Make 

of  the  Eye . 

H  E  Properties  and  Laws  of  the  Refra&i- 
X  on  of  Light  that  we  have  explain'd,  are 
of  wonderful  Ufe  in  reprefenting  Obje&s  to  our 
Mind. 

By  thefe  Laws,  the  Obje&s  are  beautifully 
painted  in  their  proper  Colours  in  the  Bottom 
of  the  Eye  ,* *  and  this  Pi&ure,  as  I  (hall  fay  here- 

4 116  after*  is  the  Occafion  of  the  Ideas  which  are 
excited  in  our  Minds  concerning  the  Things  that 
we  fee. 

How  this  Pi&ure  is  form’d  in  the  Eye,  can¬ 
not  be  explain'd,  without  examining  a  new  Pro¬ 
perty  of  Light ;  namely,  its  Divifibility,  which 
is  pafl:  our  Comprehension. 

* 

Definition. 

705?  A  Body  that  is  not  iucidy  and  intercepts  the  Lights 
is  faid  to  be  opaque. 

710  Several  among  all  the  opaque  Bodies ,  when  ex¬ 
actly  poliflx'd  (except  perfe&ly  black  Bodies,  if 

there 


TT 
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there  are  any  fuCh)  have  the  Property  of  dividing 
Light ;  for  they  refle'tl  the  Light,  fo  that  the  Rays 
from  every  Point  being  ftruck  back,  are  divided, 
and  recede  every  -way,  fo  that  all  the  Jingle  Points  of 
the  Body  become  as  it  ivere  radiant  Points ,  from 
which  Light  goes  every  way. 

Whence  we  deduce  a  Method  of  painting  Ob-  71 1 
jeds  upon  a  white  Piane ;  for  all  the  Points  of 
the  enlighten’d  Body,  from  which  the  Rays  come 
upon  a  convex  Lens,  have  their  Focus  on  the 
other  Side  of  the  Lens*  The  Foci  of  diflant  > 6g 
Objefts,  tho’  not  exaftly,  are  fenfibly  at  the 
fame  Diilance  from  the  Lens  ,•  thofe  Objects 
may  by  thefe  Foci  be  reprefented  in  the  fame 
Place;  which  Reprefentation  is  inverted,  (by 
reafon  of  the  Interfedfcion  of  the  Rays  as  they  go 
thro’  the  Glafs,)  and  fenfible  in  a  dark  Place,  in 
which  Light  comes  in  no  way  but  thro’  the 
Lens,  and  only  that  Light  by  which  the  Objedts 
are  reprefented. 

This  will  do  wherever  the  Lens  is  placed,  and 
in  refped  of  all  the  Points  of  Objeds,  enligh¬ 
ten’d  by  Rays  of  Light,  from  which  right  Lines 
without  Interruption  may  be  drawn  to  the  Lens; 
in  this  manner  the  abovemention’d  Divifibility 
:  in  Light  may  be  proved,  and  the  Aptnefs  that 
.  Bodies  that  refleft  Light  have  to  divide  it. 

.  Experiment  i.  Plate  IX.  Fig.  2.1  Make  an  Hole 
in  a  dark  Place,  over-againfl  feveral  Objefts  that 
are  at  leaf!  50  Foot  off  or  farther.  Let  the  Hole 
be  V,  and  let  it  have  a  convex  Lens  in  it  that 
;  collects  parallel  Rays  at  the  Diflance  of  about  4 
{  0r  5  Feet ;  if  a  white  Plane  be  placed  behind 
j  the  Lens  a  little  farther  from  it  than  that  Di- 
I  fiance,  all  the  Objects  abovemention’d  will  be 
painted  upon  it  in  very  beautiful  Colours.  It  is 
j  t0  he  obferv’d,  that  the  Lens  muff  be  placed  in 

a  Po- 
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a  Pofition  parallel  to  the  Plane ;  and  that  by 
moving  the  Lens  or  the  Plane,  the  Diftance  rauft 
be  found  at  which  the  Objects  are  reprefented 
motl;  exadly. 

This  Reprefentation  of  Objeds  has  great  Af¬ 
finity  with  that  by  which  the  Objeds  that  we 
fee  are  reprefented  in  the  Bottom  of  the  Eye,  as 
will  appear  from  the  Make  pf  the  Eye. 

1 2  The  Figure  of  the  Eye, when  taken  out  of  the 
Head,  is  nearly  fpherical ;  only  the  Fore-part  is 
fomething  more  convex  than  the  reft. 

The  Sedion  of  the  Eye  is  reprefented  Plate  IX, 
Fig-  3- 

The  Part  A  A,  which  is  moft  convex,  istran- 
fparent,  and  call’d  the  <7mica  Cornea. 

The  whole  Covering  of  the  Eye,  except  the 
Cornea,  is  call’d  the  Sclerotica ,  B  A  A.  B. 

That  Part  of  the  Sclerotica  which  is  next  to  the 
Cornea ,  is  call’d  the  Adnata ,  or  IVhite  of  the  Eye . 

Behind  the  Cornea ,  on  the  Infide  is  a  Coat 
call’d  tfie  Uvea,  which  has  in  its  Middle  an  Hole 
p  p,  call’d  the  Pupil. 

The  Uvea  is  made  up  of  concentric  circular 
Fibres,  interfeded  at  right  Angles  by  ftrait  FL 
bres.  If  the  firft  are  fwell’d  the  laft  are  relax’d, 
and  the  Pupil  is  lelfened  or  contraded  ;  and  a 
contrary  Motion  of  the  Fibres,  increafes  or  wi¬ 
dens  it. 

In  the  middle  of  the  Eye,  hut  nearer  the  Fore¬ 
part,  there  is  a  tranfparent  foft  Body  CC,  like  : 
a  convex  Lens,  whofe  Hind-part  is  more  convex  j.s 
than  the  Fore-part.  It  is  call’d  the  Cryftaliine  i 
Humour .  Its  Axis  coincides  with  the  Axis  of  i 
the  Eye  that  goes  thro’  the  Centers  of  the  Pu-  ■ 
pil  and  the  whole  Eye. 

This  cryftalline  Humour  is  fuftain’d  by  final!  1 
Fibres  or  Threads,  which  are  fix’d  to  ail  the  \ 
Points  of  its  Circumference,  and  likewife  to  the  b 

Infide  i 

S  r  I  -i 
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Infide  of  the  Eye  :  They  are  infle&ed  in  the 
Form  of  an  Arc,  and  every  one  of  them  is  a 
Mufcle ;  they  are  call’d  the  Ligamenta  Ciliaria , 
and  two  of  them  are  reprefented  by  /  C,  /  C. 
They  all  cohere  to  one  another,  and  together 
with  the  Cryftalline,  make  a  Separation  in  the 
Eye,  and  divide  it  into  two  Cavities,  one  for¬ 
wards  p  py  and  the  other  backwards  SS. 

The  Cavity  that  is  forwards  is  fill’d  with  a 
Liquor  like  Water,  call’d  the  Aqueous  Humour . 

The  hind  Cavity  is  fill’d  with  a  tranfparcnt 
Humour,  nearly  of  the  fame  Denfity  as  the  A  - 
queous  Humour,  but  not  fo  fluid,  call'd  the  Vi¬ 
treous  Humour. 

The  hind  Surface  of  the  Eye  within,  is  lined 
with  a  Coat  call’d  the  Choroides9  which  is  again 
cover'd  with  a  thin  Membrane  call’d  the  Retina. 

At  the  back  Part  of  the  Bulb  of  the  Eye,  a  lit¬ 
tle  on  one  fide,  is  the  Optic  Nerve  N  N  fo  join’d 
to  the  Eye,  that  theEyeitfelf  is, as  it  were, an  Ex- 
panfion  of  the  Optic  Nerve  ;  for  the  expanded 
Coats  of  the  Nerve  form  theChoroides  and  Scle¬ 
rotica,  and  the  FibreSi  which  make  up  the  Re¬ 
tina, concurring,  make  the  Marrow  of  the  Nerve* 

The  Eye  is  moved  in  the  Head  by  feveral 
Mufcles  inferted  in  the  Sclerotica  ,*  but  we  ftiall 
not  treat  of  them  here  :  as  we  only  confider  the 
Eye  with  refpeft  to  the  Motion  of  Light,  we 
purpofely  forbear  to  take  notice  of  any  thing 
dfe. 

Rap  that  proceed  from  any  Point ,  and  enter  the  Eye  713 
thro’ the  Pupil ,  go  out  of  a  rarer  into  a  denfer  Me¬ 
dium  thro’  a  fpherical  Surface  ;  and  therefore  if 
that  Point  he  at  a  due  Di fiance  from  the  Eye ,  the  Rays 
after  Refratlien  will  converge  ;*  in  the  fame  man- 
ner  as  in  the  Experiment  of  N°  663.  (  Plate  VI. 

Fig.  4.)  in  which  the  Glafs  V  reprefents  the 
tranfparent  Cornea  of  the  Eye,  whilft  the  Water 

in 
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in  the  Trough  is  inflead  of  the  aqueous  Hu¬ 
mour  ;  and  therefore  fuppojing  only  the  Cornea  and 
714  the  aqueous  Humour ,  there  will  be  in  the  Eye  an  in- 
*710,  verted  PiBure  of  the  ObjeBs* 

7  u 

Experiment  2.  Plate  IX.  4.]  Let  P  be  the 
Trough  abovemention ’d  full  of  Water,  and  fet  in 
a  dark  Place,  which  has  an  Hole  about  half  an 
Inch  wide,  fo  difpofed  towards  enlighten’d  Ob¬ 
jects  at  a  certain  Diflance,  that  one  may  fee 
them  thro’  the  Hole ;  let  the  Glafs  V  of  the 
Trough  be  applied  to  this  Hole,  and  upon  the 
white  Plane  T  you  will  have  an  inverted  Picture 
of  the  Obj'efts :  By  moving  the  Plane  backwards 
and  forwards,  you  will  find  the  Place  where  the 
Pi&ure  is  moft  diftinft. 

If  the  abovemention’d  Pi&ure,  which  we  have 
imitated  in  this  Experiment,  was  to  be  made  in 
the  Eye,  it  would  be  at  too  great  a  Diflance 
from  the  Cornea,  and  beyond  the  Bottom  of  the 
Eye;  and  therefore  this  Diflance  is  diminifh’d 
7x5  by  help  oj  the  CryflaUine  Humour,  which  is  denfer 
but  encompafs’d  with  rarer  Mediums ;  fo?  the 
Rays  converging  in  the  aqueous  Humour,  pafs 
thro  the  cryftalline  into  the  vitreous  Humour  • 
that  is,  out  of  a  rare  Medium  thro’  a  denfer,5 
(which  is  terminated  by  two  fpherical  convex 
Surfaces)  into  a  rare  Medium  again  •  by  which 
*  700  Motion  the  Rays  converge  ftiil  more  ;*  and 

therefore  they  concur  fooner,  and  the  PiBure  above- 
mentioned  falls  within  the  Eye. 

lit  The  ObjeBs  which 3  as  we  have  explained,  are  re -  I 
prefented  in  the  Bottom  of  the  Eye ,  are  painted  upon 
the  Retina  ;  and  by  the  Motion  oj  Light  the  fmall  Fi¬ 
bres  of  which  the  Retina  is  made  up,  are  agitated  :  by 
which  Agitation,  the  Ideas  of  the  ObjeBs" painted  in 
the  Eye,  are  excited  in  the  Mind.  The  Connexion 
between  the  Ideas  and  the  Motions  by  which 

they 
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they  are  excited,  is  unknown  to  us/  as  we  faid  *  502 
before  :  In  determining  the  Caufes  of  Senfations, 
we  can  go  no  farther  than  the  Agitation  of  the 
Nerves. 

The  wore  exaSl  the  PiElure  above  defcribed  isy  the  jij 
more  d/ftintt  will  the  Objects  appear .  When  the  yxg 
Rays  coming  from  the  fame  Point  are  not  exaElly 
united  upon  the  Retina ,  its  Pi&ure  is  not  a  Point, 
but  a  Spot,  which  is  confounded  with  the  Pi¬ 
ctures  of  the  neighbouring  Points  ,*  in  which  cafe 
the  Vtfiou  is  confufed . 

But  when,  according  to  the  different  D> fiance  of  719 
the  radiant  Point ,  its  Focus  is  brought  nearer,  or 
removed  farther  oft/  it  is  neceffary  that  there  Jhould  *  66\ 
be  a  Change  in  the  E)e,  lefi  the  Place  in  which  the 
Picture  is  exaCt,  fhould  fall  fliort  of,  or  beyond 
the  Retina,  and  fo  the  Viffon  jhould  be  confufed . 

But  it  is  very  difficult  to  determine  what  this 
Change  is,  and  Philofophers  are  divided  in  their 
Opinions  about  it :  I  ftiali  only  obferve  in  ge¬ 
neral,  that  it  is  not  very  probable  that  the  Figure  of  720 
the  whole  Eye  n  changed ,  in  order  to  put  back  or  bring 
forward  the  Retina  ;  and  therefore  we  muft  expeCt 
to  find  this  Change  within  the  Eye. 

For  if  the  Figure  of  the  Eye  was  changed,  as 
this  Change  muff  be  equally  neceffary  in  all  Ani¬ 
mals,  the  Eyes  of  all  Animals  would  undergo 
the  fame  Changes  ;  for  the  fame  natural  EflfeCts 
cannot  have  different  Caufes.  Now  in  thq 
Whale  the  Sclerotica  is  too  hard  to  be  fubjeCt  to 
any  Alteration  of  Figure.  Befides,  if  there  was 
fuch  a  Change  in  the  whole  Eye,  it  would  arife 
from  the  external  Preffure  of  the  Mufcles,  which 
would  be  different  in  different  Pofttions  of  the 
Eye,  and  only  regular  in  one  Situation  of  it. 

If  now  we  examine  the  Eye  within,  it  will 
appear  neceffary  that  there  fhould  be  a  Change 
in  the  Cryftalline ;  which  by  changing  its  Piace 

2  or 
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or  Figure  in  the  Eye,  will  produce  the  defired 
Effeft  $  for  the  Rays  that  fall  upon  the  Retina 
before  they  are  united,  will  be  made  to  unite 
juft  upon  the  Retina,  if  the  Cryftalline  becomes 

* 69$  more  convex,*  or  if  (its  Figure  remaining  the 
fame)  it  be  brought  forwards  towards  the  Cor¬ 
nea. 

721  That  the  V option  op  the  Cryflalline  Humour  is 
eafily  changed ,  and  that  it  is  brought  nearer  to ,  or 
farther  from  the  Retina ,  its  Axis  remaining  the 
fame,  is  plain,  becaufe  the  ciliary  Ligaments  are 
muftular  :  When  thefe  Mufcles  are  fwell’d,  and 
become  fhorter,  the  Hollow  which  their  Infle¬ 
ction  makes  at  C  /,  C  /,  becomes  lefs,*  by  which 
means  the  vitreous  Humour  is  comprefs’d,  and 
therefore  it  prefles  upon  the  Cryftalline,  and 
pufhes  it  forwards  farther  from  the  Retina  ; 
which  is  neeeffary  when  we  look  at  near  Qb- 

*  663>je£ts  * 

699  From  an  Experiment  that  we  (hall  hereafter 
mention,  it  has  been  demonftrated,  that  there  is 
another  Change  in  the  Eye  that  a<fts  contrary 
to  this,*  and  we  fhall  (hew  what  is  the  Occa- 
fion  of  it.  The  fecond  Change  is  alfo  to  be  re¬ 
ferred  to  the  Cryftalline  ,*  which  (  when  it  is 
drawn  by  the  ciliary  Ligaments,  to  make  it  re¬ 
cede  from  the  Bottom  of  the  Eye)  becomes  alfo 
flatter,  and  therefore  it  muft  recede  farther  than 
if  its  Figure  was  unchangeable  ;  that  is,  the 
Change  becomes  more  fenfible  ;  which  we  fhall 

*  730  Ihew  to  be  of  Ufe.* 

Thefe  Changes  in  the  Eye  have  their  Limits, 
for  which  Reafon  alfo  Objects  appear  only  difiintt 

724  within  certain  Limits ,  which  are  at  different  Diflances 

725  according  to  the  Difference  of  People  s  Eyes ;  and  very 
often  in  the  fame  Man,  both  Eyes  have  not  the  fame 
Limits ;  which  is  almoft  of  the  fame  ufe,  as  if 
the  Limits  of  both  Eyes  were  more  diftind  from 

One 
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one  another  :  For  one  may  fee  an  Objed  diftind- 
ly  enough  with  only  one  Eye.  In  fome  Perfons 
alfo  the  neareft  Limit  of  one  Eye  is  farther  off 
than  the  fartheft  of  the  other  :  in  which  cafe 
near  Objects  and  diftant  Objeds  are  feen  di- 
ftindly,  but  the  intermediate  ones  appear  con- 
fufed. 

The  Pidure  in  the  Bottom  of  the  Eye,  as  has  726 
been  faid,*  is  inverted  ;  whence  a  Queftion  a-  *7i4 
nfes,  why  we  fee  Objeds  ered  ?  To  which 
wc  anfwer  by  asking  another  Queftion  ;  Whe¬ 
ther  it  is  more  eafy  to  conceive  the  Connexion 
between  an  Idea  in  the  Mind  and  an  ered  Fi¬ 
gure  than  an  inverted  one?  We  confefs,  that 
we  have  no  Notion  of  that  Connexion  in  either 
cafe  :  but  Experience  teaches  us,  that  there  is 
a  Connexion  between  an  inverted  Pidure  in  the 
Eye,  and  the  Idea  of  an  ered  Objed ;  and  fur¬ 
ther  than  this  we  do  not  know. 

If  we  look  at  the  fame  Objed  with  both  Eyes,  72  j 
it  will  appear  fingle  ,•  but  this  happens  only 
when  the  Objed  is  painted  in  correfpondent 
Points  of  each  Retina;  which  probably  happens 
from  the  meeting  of  the  Optic  Nerves.  For  it 
is  obferv’d  in  all  Animals,  which  fee  the  fame 
Objed  with  both  Eyes,  that  the  Optic  Nerves 
meet  and  feparate  again  before  they  go  to  the 
Brain  ;  but  in  Animals  which  fee  different  Ob- 
jeds  with  each  Eye*  the  Optic  Nerves  go  fepa- 
rately  from  the  Eyes  to  the  Brain. 

Only  one  Point  at  a  'Time  can  be  feen  diJlinBly^  72% 
namely,  that  which  is  reprcfented  in  the  Axis  of 
the  Eye  •  if  we  look  at  one  Point  with  both 
;  Eyes,  we  muft  fo  direct  the  Eyes,  that  their 
Axes  continued  fhall  meet  in  that  Point ;  Which 
happens  when  we  have  our  Eyes  inteht  upon 
afty  Point. 

v  o  u  ir;  f  By 
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By  this  Dire&ion  of  the  Axes  we  judge  of 
the  Diftance  of  Objects ;  for  the  Situation  of 
the  Eyes  alter  according  as  the  Axes  make  a  dif¬ 
ferent  Angle,  which  Angle  depends  upon  the 
Diftance  of  the  Objed:  :  Whence  it  happens, 
that  without  perceiving  when  we  do  it,  by  Ufe 
we  get  a  Habit  of  judging  of  the  Diftance  of 
Objects  by  the  Direttion  of  the  Axes  •  which  is  fea¬ 
sible  to  us,  becaufe  it  depends  upon  the  Motion 
of  the  Eye,  that  we  feel.  Therefore  we  may 
fee  the  Ufe  of  having  two  Eyes  placed  at  a  cer¬ 
tain  Diftance  from  one  another ;  as  long  as  this 
Diftance  of  the  Eyes  bears  a  fenfihle  Proportion  to  the 
Diftance  of  the  Objells ,  zue  can  judge  of  it  pretty 
certainly. 

730  We  can  alfo  judge  oj  leffer  Diftance s  with  one  Eye  1 

*72i,  aiot2e'>  becaufe  in  the  Variation  of  a  fmall  Di- 
723’  ilance,  the  Change  in  the  Eye  is  fenlible.* 

731/«  great  Diftances ,  if  we  look  at  known  Ob-  \ 
jects,  we  judge  from  the  apparent  Magnitude ,  and  \ 
the  Colour . 

732  It  is  impojjible  to  judge  of  very  great  Diftances , 
cept  the  fame  ObjeEl  be  feen  from  different  Places. 

733  The  apparent  Magnitude  of  an  Objeci,  depends  up-  :■ 
on  the  Bignefs  of  the  Pidhire  in  the  Bottom  of  : 
the  Eye,  which  Picture  depends  upon  the  Angle  [3 
under  which  an  ObjeEl  is  feen,  that  is,  the  Angle  5 
which  is  form’d  by  Lines  drawn  from  the  Extre-  l| 
mities  of  the  Object  to  the  Eye. 

734  This  apparent  Magnitude  is  to  be  diftinguifh’d  J 
fi om  that  Magnitude  which  our  APind  attributes  to  i 
the  ObjeEl  that  we  fee,  which  I  aft  is  founded  upon  j 
tne  Judgment,  whole  Foundation  is  not  in  the  ; 
Appearance  alone.  Every  bod}'  knows,  that  the 
Object  appears  the  lefts  according  as  it  is  more  : 
dsftant ;  whence  it  happens,  that  according  to  the  \ 
greater  Diftance  of  the  ObjeEl,  if  it  be  known,  the 
appareat  Magnitude  of  the  Object  is  increafid 
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in  the  Judgment  that  our  Mind  makes  of  it, 
which  we  do  without  any  Attention  to  it.  There¬ 
fore  the  fame  Object  at  the  fame  Diftance  ap¬ 
pears  of  a  different  Magnitude,  it  we  iud,rc  dif¬ 
ferently  of  the  Diftance.  ° 

We  have  a  remarkable  Example  of  this  in  re- 
fpect  ot  the  Sun  anti  Moon,  which  appear 
greater  when^near  the  Horizon,  than  at  a  greater 
Height;  tho  ,  as  is  known  to  Aitroncmers,  the 
Picture  of  the  Sun  in  the  Bottom  of  the  Eye  is 
the  fame  in  both  Cafes,  and  that  of  the  Moon  is 
lefs  when  it  appears  near  the  Horizon  ;  we  can¬ 
not  judge  of  the  Diftance  in  either  Cafe,*  but  it  *  7U 
appears  greater  near  the  Horizon  by  reafon  of 
the  Interpofition  of  the  Fields  and  part  of  the 
Heavens.  If  we  fee  the  Bodies  abovemention’d 
thro5  a  Tube,  this  apparent  Diftance  vanifhes, 
as  alfo  the  Magnitude  which  is  deduced  from  it”. 

From  our  Childhood  upwards,  and  fo  continu¬ 
ally,  we  join  the  Idea  of  Diftance  with  the  In- 
creafe  of  apparent  Magnitude,  (which  is  necefl'a- 
ry  tor  making  a  true  Judgment  concerning  Mag¬ 
nitude)  whereby  the  Ideas  are  fo  clofely  join’d, 
that  they  cannot  be  feparated,  not  even  in  thofe 
cafes,  in  which  we  know  that  they  lead  us  into 
Error.  Logicians  teach  us,  how  many'  Errors 
are  to  be  attributed  to  Ideas  fo  join’d. 


CHAP.  XI. 


Of  l  if  on  thro  Gla/fes,  an, l  how  to  correct 
fame  Dejects  of  ' the  Eyes. 


AN  Objeft  is  vifible,  becaufe  all  its  Points  7  $6 
are  as  it  were  radiant  Points;*  therefore  ’713, 


a  Point  appears  in  that  Place  f 
Pa)s  are  emitted. 


Vo  L.  II. 


F  2 


If 
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737  $  mfleEled  any  bow  enter  the  Eye  diverging , 
the  vijible  Point  will  be  in  the  imaginary  Focus  oj  the 
Rays ;  for  the  Rays  enter  the  Eye  exactly  in  the 
fame  manner  that  Rays  would  do  that  came  di¬ 
rectly  from  that  Focus  ;  and  to  have  them  unite 
upon  the  Retina,  the  fame  Situation  of  the  Cry- 
ftalline  is  requifite;  fo  that  in  refpeCt  to  a  Spec¬ 
tator,  it  is  no  matter  whether  thofe  Rays  after 
RefraCtion,  or  thefe  direCtly  enter  the  Eye ;  and 

*7i9,  there  will  be  the  fame  Motion  in  the  Eye,  when 
730  it  fits  itfelf  for  diftinCt  Vifion.* 

738  A  Point  apfears  the  more  enlightened ,  the  greater 
Number  of  Rays  coming  from  it  enter  the  Eye. 

739  IVhen  ObjeEls  are  J'een  thro *  a  plane  Glafs  termi¬ 
nated  with  parallel  Surfaces ,  they  appear  to  be  nearer 
than  when  feen  with  the  naked  Eye .  Let  A  ( Plate  X. 
Fig.  1.)  be  a  vifible  Point;  the  Rays  going  from 
it  and  entring  the  Eye,  are  between  A  b  and 
A  b ;  thefe  being  refraCted  in  the  Glafs  V  V, 
move  along  b  c,  b  c,  and  go  out  thro*  c  d,  c  d, 

628  which  are  parallel  to  the  Lines  A  by  A  b  :*  now 

¥  becaufe  b  cyb  c  are  refraCted  towards  the  Perpen- 
^24  dicular,*  c  d}  cd  fall  between  b  A  and  b  A  ;  that 
is,  they  interfeCf  at  a,  which  is  nearer  than  A ; 
therefore  the  imaginary  Focus  of  the  Rays  which 
,  enter  the  Eye  is  at  a>  in  which  the  Point  A  ap- 

*737  pears  to  be.* 

74®  'That  Point  alfo  appears  to  be  tnore  enlightenedy 
when  feen  thro  the  Glafs  abovementioned.  For  all 
the  Rays  between  A  b  and  A  b  enter  the  Pupil 
between  d  and  d ;  but  as  the  Lines  A  by  A  b  are 
parallel  to  the  Lines  c  dy  c  dy  and  thefe  are  be¬ 
tween  thofe,  A  b  and  A  b  being  continued  would 
fall  beyond  d  and  d ;  therefore  if  the  Glafs  was 
taken  away,  the  Rays  which  now  enter  the  Pu¬ 
pil  would  take  up  a  greater  Space,  and  therefore 
would  not  all  enter  the  Eye, 


Plate 
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Plate  X.  Pig.  2.]  The  apparent  Magnitude  of  an 
ObjeEl  is  increafed  by  the  Interpofitionof  a  plane  Glafs'; 
the  Object  A  E  is  feen  by  the  naked  Eye  under 
the  Angle  A  d  E  ;  but  if  you  ufe  the  Glafs  V  V, 
by  reafon  of  the  Refraction  thro’  A  bed  and 
E  bed  it  will  be  feen  under  the  Angle  c  d  c, 
which  is  greater  than  the  laft.  But  yet  theObjell 
is  not  greater  in  Proportion  to  the  increafed  apparent 
Magnitude  >*  for  it  appears  to  be  at  a  lefs  Di- 
fiance* 

The  lncreafe  of  apparent  Magnitude  is  fo  much 
the  greater,  as  is  the  Difference  of  the  Angles 
A  d  E  and  c  d  c  •  whofe  Difference  increafes  as 
the  Interfections  of  the  Lines  A  d  with  b  c  and 
E  d  with  b  c  come  nearer  to  the  Points  b  and  b ; 
which  obtains  as  the  ObjeEl  is  brought  nearer  to  the 
Glafs  ;  and  therefore  it  is  the  greatefl  of  all 
when  the  Object  touches  the  Glafs;  which 
fhews  that  Objects,  even  in  the  Glats  itfelf,  muff 
appear  magnified. 

And  in  general,  the  Eye  being  placed  in  a  rarer 
Medium ,  the  ObjeEl  that  is  feen  in  a  denfer  Medium 
appears  bigger ,  and  is  alfo  brought  nearer  by  the  Re - 
jraEhon .*  This  is  every  Day  confirmed  by  Ex¬ 
perience,  when  we  look  at  Objects  in  the  Wa¬ 
ter. 

Let  there  be  a  Point  A  feen  thro ’  a  convex  Lens 
V  V,  ( Plate  X.  Fig.  3.)  and  the  Rays  Ah,  Ah, 
at  c  d,  c  d  will  go  out  more  diverging,  as  if  they 
came  from  a  ;*  therefore  that  Point  appears  to  be 
at  a  greater  Diflance.  *  It  appears  alfo  more  enligh¬ 
tened  ;  for  the  Rays  come  nearer  to  each  other 
as  they  go  thro’  the  Glafs/  and  are  alfo  reduced 
into  a  lefs  Space,  wherefore  a  greater  Number 
of  them  mufl  enter  the  Pupil. 

The  apparent  Magnitude  of  an  Object  is  alfo 
increafed  ;  that  is,  the  ObjeEl  feen  thro 9  a  convex 
Glafs  is  feen  under  a  greater  Angle,  which  ap- 
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P t2r%  ^rom  a  Sight  of  the  Figure  :  the  Ob je£t 
A  E  ieen  with  the  naked  Eye,  is  feen  under  the 
Angie  A  d  E,  (/Aw  X.  4,  and  5.)  but  now 
it  is  feen  under  the  Angle  c  d  c,  which  is  greater  • 
(in  Fig.  4)  the  Rays  Ah,  Eh,  which  are  con- 
vergent,  converge  more  as  they  go  out  ot  the 
(-  or  diverging  (asinF.Jf)  ,°bey"0„« 
to  the  Eye  converging*  Therefore  the  Ohied 
appears  magnified,  both  from  the  Appearance  of 
it  being  farther,*  and  |ts  Magnitude  being  in¬ 
creased  /  and  therefore  the  Magnitude  that  we 
attribute  to  an  OhjeEl,  does  not  follow  the  fame  Pro¬ 
portion  as  the  apparent  Magnitude  ;  for  which  rea- 
fon  weihall  not  delay  Time  in  Demonflrations 
auout  it:  But  we  ihall  obferve  in  general. 

That  the  Angle,  under  which  an  OhjeB  is  fern  thro ’ 
a  convex  Glafs,  diminishes  as  the  Eye  recedes  from  the 
Giafs ;  whilft  the  OhjeB  is  not  more  diflant  from  the 
Glajs  than  the  Point  in  which  parallel  Rays  are  col- 

?}ed  ■  fUt  tbe  0J’]eEi  is  fanher  °ff>  the  apparent 
Magnitude  is  incyeajed  cts  the  Eye  vecedes 

ther-Tf  the/“/merrmannf’  'f  th*  be  bet™en 

the  Glafs  and  the  Focus  of  parallel  Rays,  the  Anile 
abovementioned  is  diminifhed  as  the  OhjeB  is  farther 
removed ;  the  Eye  being  placed  at  a  greater  Dijlance 
the  Jame  Angle  is  increafed  as  the  OhjeB  is  farther 
removed ;  in  which  laft  Cafe  the  Objedt  may  be 

fo  far  removed  as  not  to  be  vifible  beyond  the 
Cjuais,  as  will  be  faid  anon.* 

A!h>  in  thofe  Cafes  in  which  Objeas  are  vi- 
they  do  not  always  appear  diftindly. 
hor,  that  a  Point  may  appear  difiinB,  it  is  required 
tiatpe  fap  tha*  Foceed  from  a  Point  Jhould  enter 
.f  r  If  lver£mF  and  that  the  imaginary  Focus  of 
rnje  Rays,  in  refpeB  of  the  SpeBator,  Jhould  be  with  - 
m  the  Limns  of  difiinB  Vijion .* 

of^riiNi€pb,*CCtbf  ™ved  the  Focus 

of  paralie.  Rays,  the  Rays  flowing  from  a  Point 

of 
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of  the  Object,  enter  the  Eye  converging  •*  which  69 9 
Cafe  is  impoflible  to  the  naked  Eye  :  in  this  the 
Vifion  is  always  confufed,  and  the  Eye  difpofes 
itfelf  fo  as  to  have  the  Vilion  the  lead;  confufed 
that  may  be  •  from  this  Difpofition  we  judge  of 
the  Diftance,  as  we  do  in  every  Cafe  in  which 
we  judge  of  it  with  only  one  Eye.*  *  7,0 

But  this  Diftance  does  not  always  appear  to  753 
be  the  fame;  whence  may  be  deduced  what  is 
faid  of  the  Change  of  the  Figure  of  the  Cryftal- 
line  *  For  if,  fuppofing  the  Cryftalline  moveable,  *  722 
its  Figure  be  unchangeable,  in  every  Situation 
of  the  Object  and  the  Eye,  in  which  the  Rays, 
coming  converging  from  a  Point, enter  the  Eye, 
there  will  be  the  lead  Confufion,  if  the  Cryftal¬ 
line  comes  back  towards  the  Retina  as  far  as  may 
be;  fo  that  in  every  Cafe  there  would  be  the 
fame  Difpofition  of  the  Eye,  and  the  fame  Judg¬ 
ment  concerning  the  Diftance ;  which,  as  has 
been  faid,  is  contrary  to  Experience :  but  if  it 
becomes  flatter  as  it  recedes  from  the  Retina, 
there  will  be  Changes  in  the  Eye,  which  agree 
with  the  feveral  Judgments  made  of  the  Di¬ 
ftance  in  different  Situations  of  the  Object  and 
the  Eye. 

If  in  the  lafl  Cafe ,  in  which  Rays  coming  from  a  754 
Toint  converge ,  the  Eye  be  fo  removed ,  that  the  Rays 
unite  before  the)  come  to' the  Eye ,  in  all  the  Points 
in  which  the  Rays  concur,  there  will  be  radiant 
Points;  which  are  the  Foci  of  all  the  Points  of 
the  Object,  by  which  the  Object  is  reprefented 
inverted  upon  a  white  Plane  and  which  are  ‘7*1 
vifible  Points  in  refpect  of  the  Eye,  to  which  the 
Rays  can  come  after  their  Interaction  *  In  that  *736 
cafe  the  ObjeB  appears  inverted,  becaufe  we  don’t 
fee  the  Object  itfelf,  but  its  Reprefentation  be¬ 
hind  the  Glafs,  which  we  have  faid  to  be  in¬ 
verted.*  *  71* 

F  4  Wc 
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755  We  have  faid  that  the  Cafe  is  impoflible  to 
the  naked  Eye,  in  which  the  Rays  coming  from 
a  Point  enter  the  Eye  converging  ;  and  there¬ 
fore  fuch  Villon  is  always  confufed,  becaufe  the 
Conftrudion  of  the  Eye  cannot  adapt  itlelf  to  an 
impoflible  Cafe  :  Yet  fometimes,  but  rareiy,  even 
in  that  Cafe,  the  Objeds  are  feen  diftindly ; 
which,  as  it  is  occalioned  by  fuch  a  Deled  of 
the  Eye  as  takes  away  all  diftind  Vifion  from 
the  naked  Eye,  I  did  not  think  proper  to  take 
notice  of  fuch  Exceptions  of  the  general  Rule. 
75(5  The  Fault  of  the  Eyes  of  a  great  many  Old  Men  is, 
that  they  can  fee  none  but  diftant  Objeds  di- 
flinctly,  thofe  that  are  near  appearing  confufed 
to  them  ;  which  Defect  is  correEled  by  the  Interpo- 
fition  of  a  convex  Lens.  The  Rays  which  flow 
from  a  Point  which  is  near,  concur  beyond  the 
Retina  ;  palling  thro  a  convex  Glafs,  they  will 
diverge  lefs  as  they  enter  the  Eye,  and  fo  concur 
fooner  in  the  Eye ;  that  is,  come  to  the  Eye  as 
if  they  flow’d  from  a  remote  Point,  fuch  as  is 
feen  diftinctly  by  an  old  Man. 

/57  Thro  a  concave  Lens  Objects  appear  to  be  nearer , 
lefs  enlighten’d,  and  lefs. 

Plate  X.  Fig.  6.]  The  Rays  kb,  kb,  and  all 
that  are  between,  going  thro’  a  concave  Lens 
”  '7° 5  become  more  diverging *  and  enter  the  Eve  as 
.  ,  if  they  came  from  a  Point  a,  which  is  lefs  dl 
»  fft  font,*  where  the  Point  A  appears  to  be  * 

By  making  the  Rays  to  diverge  more,  they 
are  carried  farther  afunder  ;  and  therefore  fewer 
pi  them  enter  the  Eye,  which  diminifhes  the  Ii- 
“  73S  lurnination  of  the  Point  feen.* 

flate  X.  Fig.  7.]  The  apparent  Magnitude  is 
alfo  diminilh’d,  becaufe  the  Rays  kb,Eb,  by 
which  we  fee  the  Extremities  of  the  Object 
*  705  come  tp  the  Eye  lefs  converging,*  and  therefore 
the  Angle  c  dc  utider  which  the  Object  is  feen 

beyond 
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beyond  the  Lens,  is  lefs  than  the  Angle  A  d  E, 
under  which  it  is  feen  by  the  naked  Eye :  there¬ 
fore  upon  account  of  the  Diminution,  both  of 
the  Diftance  and  the  Angle  abovemention’d,  the 
Object  appears  diminifVd  *.  *734 

A  concave  Lem  is  of  ufeto  thofe  who  fee  no  OhjeUsy^Z 
diftinftly,  hut  fuch  as  are  near ;  fuch  are  call’d 
Myopes ;  thro’  this  Lens  remote  Points  appear 
to  be  near,*  and  the  Rays  which  did  concurr  be-*  757 
fore  they  came  to  the  Retina,  now  enter  the  Eye 
more  diverging  and  meet  upon  the  Retina. 

There  are  Glaffes  that  have  one  Surface  plane, 
and  the  other  Side  is  made  of  feveral  plane  Sur¬ 
faces  that  make  Angles  one  with  another,  (like 
a  Diamond)  thro’  thefe  the  Rays  that  flow  from 
one  Point  fuffer  different  Refractions ;  and  by 
every  Surface  are  made  to  enter  the  Eye  in  a 
different  Direction,  as  if  they  came  from  different 
Points:  that  is,  the  fame  Point  forms  feveral 
imaginary  Foci;  and  therefore  appears  multi¬ 
plied  ;  fpr  it  is  feen  in  feveral  imaginary  Foci  *  737 

which  as  it  happens  in  refpet  of  every  Pointof  the 
Object,  thro 3  fuch  a  Lens ,  which  is  a  Polyhedron 
(or  Multiplying  Glafs)  the  Objett  appears  mul¬ 
tiplied. 


CHAP.  XII. 

Of  Alter  of  copes  and  Telefcopes. 

WE  have  fhewn  of  what  ufe  Glaffes  termi¬ 
nated  with  fpherical  Surfaces  are  for  cor¬ 
recting  the  Defects  of  the  Eyes  of  Old  Men  and 
of  the  Short-fighted  *.  How  they  ferve  for  dif-*7^ 
covering  the  fmallefl  Objects,  and  bringing  the 
moft  diftant  (as  it  were)  to  the  very  Eye,  is  what 
we  are  now  to  confider. 
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We  have  faid  that  convex  Glaffes  magnify  the 

*  747  Obje&s  *  ;  which  magnifying  depends  upon  the 
Refraction  of  the  Rays  as  they  go  thro'  a  convex 
Lens  ;  whence  it  follows,  that  it  is  encreafed,  if, 
in  the  fame  Circumftances,  the  Refradion  be  in- 
creafed  ;  which  Effed  may  be  produced,  by  aug¬ 
menting  the  Convexity  of  the  Lens  ;  which  will 
be  the  more  convex  as  the  Surfaces  that  termi¬ 
nate  it  are  Segments  of  a  lefs  Sphere  ;  which 
can  only  be  had  in  very  fmall  Glaffes. 

Definition  I. 

760  Such  fmall  Lenfes  are  call’d  Micrcfcopes. 

761  By  a  Microfcope  fmall  Ob j eels  are  rvaftly  magnified ; 
by  which  means.  Things,  which  wotrd  be  in- 
vifible  to  the  naked  Eye,  are  very  diftindly 
feen. 

Definition  II. 

/62  Space  feen  thro*  the  Microfcope ,  that  is  the  Circle 

in  which  ObjeEls  are  vifible  thro’  the  Microfcope ,  is 
call’d  the  Field  of  the  Microfcope. 

Experiment  1.  Plate  IX.  Fig .  5.]  If  we  look  at 
the  fmall  Objed  A  E  thro*  the  Microfcope  V,  it 

*  745  will  appear  magnified  at  ae*. 

747  There  are  alio  compound  Micrcfcopes,  made 
up  of  two  or  three  Lenfes ;  what  Foundation  they 
depend  upon,  will  be  fufficiently  fhewn  by  explain¬ 
ing  one  of  thofe  which  is  made  up  of  two  Lenfes. 

Plate  XI.  Fig.  2.]  Take  a  fmall  Lens  that  is 
very  convex,  as  V  V,  and  let  the  Objed  A  E  be 
placed  at  fuch  a  Diftance  from  it,  that  all  its 

*710  Points  Chan  have  their  Foci  beyond  the  Lens  *  • 

^  699  let  the  Objed  be  brought  fo  near,  that  the  Foci 

*  £99  may  be  remov’d  to  a  e  \  and  you  will  there 

have  the  Reprefentationof  the  Objed,  very  much 

enlarg’d, 
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enlarg’d,  which  will  be  fenfible  if  you  receive  it 
there  upon  a  white  Plane  *.  *  7U 

Experiment  2.  Plate  XI.  Fig.  1.]  The  Lens  a- 
bovemention  d  muft  be  made  fait  in  the  End  of 
a  Tube  at  V  •  and  the  other  End  of  the  Tube, 
which  is  wider,  muft  be  cover’d  with  a  very  thin 
Paper  C  C ;  the  Objed  A  E  muft  be  fo  plac’d,  that 
the  Foci  ot  the  Points  of  that  Object  fhall  be  juft 
at  the  Diftance  of  the  Paper;  if  then  the  Objed 
be  well  enlighten’d,  you  will  have  its  Reprefen- 
tation  inverted,  vifibie  thro'  the  Paper  at  a  e. 

By  moving  the  Objed,  you  will  have  the  true 
Pofition  that  brings  the  Reprefentation  upon  the 
Paper  to  be  diftind. 

Plate  X. I.  Fig.  2.]  All  the  Points  of  the  Repre¬ 
fentation  a  e ,  are  radiant  Points,  and  therefore 
viiible  *  ;  which  being  feen  thro’  a  large  Micro-''  7?6 
fcope  V  V,  fhew  the  large  Reprefentation  a  e 
at  a  e  *;  that  is,  the  Rays  coming  from  the  Ob-4  76t 
jed  A  E,  after  their  Refradions  thro’  both  the 
Lenfes  V  V,  V  V,  will  enter  the  Eye,  as  if  they 
came  from  an  Objed  at  a  e. 

Therefore  thro’  1  fuch  a  compound  Mi  cr  of  cope  the  jg? 
OhjePl  appears  inverted ,  and  much  more  magnified 
than  thro  a  Jingle  Microfcope. 

Definition  III,  and  IV. 

In  this  Microfcope  the  fmallejl  Lens ,  which  is  next  to  7^4 
the  ObjePi^is  call  dtbe  Objed- Glafs,  and  the  other  the 
Eye-Glafs. 

This  laft  ought  not  to  be  too  fmall ;  for  the 
Points  of  the  Reprefentation  a  b ,  tho'  they  be  ra¬ 
diant  Points,  do  not  emit  Light  every  way; 
only  the  Rays  which  pafs  thro’ the  Objed-Glafs, 
interfed  one  another  in  the  feveral  Points  of  the 
Reprefentation  a  b  ;  which  Reprefentation  there¬ 
fore  will  not  be  vifibie,  unlefs  the  Rays  that  go 
thro’  the  Objed-Glafs  do  alfo  go  thro'  the  Eye- 

Glafs. 
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765  Glafs.  The  Field  therefore  (or  the  Space  that 
the  Microfcope  can  take  in)  depends  upon  the 
Magnitude  of  this  Lens . 

The  Eye  alfo  muft  be  fo  plac'd,  that  all  the 
Rays  that  come  to  the  Eye-Glafs,  going  thro* 
it,  fhall  come  to  the  Eye ;  which  is  done  by 
placing  the  Eye  at  d>  the  Point  in  which  all  the 
Rays  which  come  from  the  Center  of  the  Objetl-Glafs , 
and  pafs  thro'  the  Eye- Glafs  >  are  colletled. 

Objects  appear  bright  enough  thro’  Micro* 
fcopes,  becaufe  they  are  very  near  the  Glafs ;  and 
fo  the  fame  Number  of  Rays  pafs  thro'  a  fmall 
Lens,  aswou'd  not  pafs  at  a  greater  Diftance,un- 
lefs  thro*  a  greater  Hole  :  Tet  ofteny  where  Objects 
are  the  rno (l  magnifiedythey  muft  be  enlighten  d  by  Rays 

767  collected  thro '  a  convex  Lens  and  thrown  upon  them . 

The  Aftronomical  Telefcope  much  refembles 
the  compound  Microfcope. 

Definition  III. 

7 6$  Inftr ument s  fitted  to  fee  diftant  Objects ,  are  calf  d 

Telefcopes. 

7 69  That  which  we  now  treat  of  is  call'd  the 
Aftronomical  Telefcope,  becaufe  it  is  not  fo  fit  for 
feeing  Obje&s  upon  Earth  •  for  it  reprefents  them 
inverted :  but  Aftronomers  do  not  much  regard 
the  Pofition  of  the  Appearance  oftheObjeft. 

This  Telefcope  confifts  of  two  convex  Lenfes, 
the  one  an  Objedt-Glafs,  which  is  plac'd  next 
to  the  Object,  and  the  other  an  Eye-Glafs,  plac'd 
next  to  the  Eye.  By  help  of  the  firft,  diftant 
Obje&s,  are  reprefen  ted  at  a  certain  Diftance  be- 

*  1  hind  the  Lens  *,  as  near  Objects  are  in  the  com¬ 

pound  Microfcope.  If  this  Reprefentation  be 
obferv’d  thro'  an  Eye-Glafs,  it  will  appear  en¬ 
larg’d  and  inverted,  as  we  have  faid  concerning 
the  Microfcope, 


It 
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It  is  plain  alfo,  that  in  this  cafe,  as  well  as  in  770 
the  Microfcope,  the  Field  depends  upon  the  Breadth 
of  the  Eye  Glafs ;  as  alfo  that  the  Place  of  the  Eye  771 
muft  be  determined  in  the  fame  manner  for  the  Tele - 
fcope  as  for  the  Microfcope  *  :  For  the  Aftronomic*  7 66 
Telefcope  differs  from  theCompound  Microfcope 
only  in  this,  that  in  the  Microfcope  the  Lenfes 
are  more  convex,  and  therefore  lefs  proper  for 
looking  at  diftant  Objects,  efpecially  in  refpeft 
of  Objed-Glaffes.  In  the  Microfcope,  the  Ob- 
jccft-Glafs  is  more  convex  than  the  Eye-Glafs; 
but  the  contrary  obtains  in  the  Telefcope. 

Telefcopes  cannot  be  too  long  for  obferving 
the  Stars  :  but  if  they  are  above  20  Foot  long, 
they  are  of  no  ufe  for  feeing  Objects  upon  Earth; 
becaufe  of  the  conflant  trembling  of  the  Air, 
which  is  two  fenfible  in  Glades  that  magnify 
very  much. 

A  fhort  Agronomic  Telefcope  will  ferve  to  fee  722 
Objects  upon  Earth ,  by  adding  to  it  two  convex  Lenfes , 
which  are  alfo  call’d  Eye-Glafies ;  the  three 
Eye-Glaffes  are  alike,  and  lefs  convex  than  in 
the  Aflronomic  Telefcope,  the  Objedt  Glafs  re¬ 
maining  the  fame. 

Plate  XI.  Fig.  3.]  Take  an  Objeft-Glafs  V  V,  77? 
which  reprefents  a  diftant  Object  at  e  a;  then 
take  befides  three  Eye-Glaffes  D  D,  D  D,  D  D; 
the  firft  mufl  be  fo  plac’d,  that  the  Rays  coming 
from  the  Points  of  the  Reprefentation  e  a ,  (hall 
become  parallel  when  they  have  pafs’d  theLens  y;  f 
in  that  cafe  the  Rays  which  come  from  the  mid-  'J 
die  Point  of  the  Objeft-Glafs  will  be  collefted 
at  G  ;  the  Second  Lens  muft  be  fo  plac’d,  that 
thefe  Rays  which  are  collefted  at  G  (where  they 
interfeft  one  arother,  and  move  as  if  they  came 
from  that  Point)  may  go  out  parallel  after  they  ^ 
have  pafs’d  thro’  it  *  ;  which  being  perform’d, 

the  Rays  coming  from  the  Objeft-Glafs  to  e> 

and 
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and  there  interfering  and  forming  that  Point  of 
the  Reprefentation  of  the  Object,  being  refraded 
thro’  the  fird  Lens,  pafs  by  G  parallel  to  one 
another ;  thro’  the  Second  Lens  they  are  refraded 
6is  in  the  Diredion  D  e,and  colleded  at  e  *,  fo  as  to 
make  it  the  Point  of  a  new  Reprefentation.  In 
the  fame  manner  the  Point  a  of  the  firft  Repre¬ 
fentation  correfponds  to  the  Point  a  of  the  fecond 
Reprefentation ;  which  being  alfo  true  concern¬ 
ing  the  intermediate  Points,  there  will  be  found 
an  ered  Reprefentation  of  the  Objed  at  a  e. 

Experiment  3.  Plate  XI.  Fig.  4.]  Let  three  little 
Boards  D,  D,  D,  with  Eye-Glaifes  in  them,  that 
colled  parallel  Rays  at  the  Didance  of  about  5 
Inches,  be  moveable  upon  a  Plane  between  two 
Rulers,  in  fuch  manner  that  the  three  Glafl'es 
may  be  in  the  fame  Line  as  the  Hole  V,  thro’ 
which  alone  the  Light  enters  into  the  Room,  and 
in  which  there  is  an  Objed-Glafs,  which  is  fix’d 

in  a  fllort  Tube,  in  order  to  exclude  all  the  fide 
Light. 

This  Objed  Lens  is  fuch  as  is  able,  at  the 
Diftance  or  3  Feet  from  V,  to  reprefent  diftant 
Objeds  inverted  at  F  ;  which  Reprefentation 
will  be  vifible,  if  you  let  the  Rays  ‘fall  upon  a 
7i  i  white  Plane  in  that  Place  *.  Five  Inches  farther 
from  F,  you  mud  place  the  fird  Eve-Glafs,  and 
ic  Inches  from  that,  you  mud  place' the  Second  ; 
at^j  which  is  five  Inches  from  it,  you  will  have 
an  ered  Reprefentation  of  the  fame  Objeds, 

winch  will  alfo  be  vifible,  if  receiv’d  upon  a 
white  Plane.  ^  ; 

Plate  XL  fig.  3.]  If  the  Reprefentation  a  e  be  | 
74  leen  thro  a  third  Eye-Glafs,  fuppofing  the  Eve 
at  a,  in  which  the  parallel  Rays  a  D  and  a  £ 
are  coileded,  the  ObjeEl  appears  magnified ,  brought 
near >  &na  ereB  for  it  is  feen  under  the  Angle 

%  Do  D, 
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Do  D,  when  with  the  naked  Eye  it  wou’d  appear 
under  a  very  fmall  Angle ;  it  will  alfo  appear  near, 
becaufe,  tho’  it  be  fecn  beyond  a  e,  yet  the 
Diftance  at  which  it  appears,  has  no  fenfible  Re¬ 
lation  to  the  Diltance  of  a  very  diftant  Object. 

,  •  t  1  '  .  •  « 

Experiment  4.  Plate  XI.  Fig.  4.]  Suppofing  every 
Thing  as  in  the  foregoing  Experiment ,•  let  there 
be  a  third  Eye-Glafs  plac’d  10  Inches  from  the 
Second,  and  5  Inches  from  that  a  little  Board, 
or  Eye-Stop,  with  an  Hole  O ;  if  the  Eye  be 
plac’d  at  O,  the  Objedt,  as  has  been  faid,  will 
appear  ered,  magnified,  and  near.  If  the  Board 
O  be  difplac’d,  that  is,  be  brought  nearer  or  re¬ 
mov’d  farther  off,  the  Field  of  the  Telefcope  is 
diminilh’d  ;  becaufe  there  is  but  one  fituation  of 
the  Eye,  in  which  all  the  Rays  which  pafs  thro’ 
the  Eye-Glaffes  can  come  to  the  Eye. 

We  are  to  take  notice,  that  the  Eye-Glaffes 
made  ufe  of  here,  are  not  convex  enough  in 
refped  of  the  Objed-Glafs  V  •  but  they  are  befl 
for  making  the  3d  Experiment. 

All  the  Points  of  the  Ob j eft  do  Mo  appear  more  775 
enlighten  d:  for  the  Rays  which  coming  from  any 
Point  to  the  feveral  Points  of  the  Objed  Glafs, 
do  interfed  one  another  in  a  Point  of  the  Repre- 
fentation,  by  reafon  of  the  fmall  Diftance  of  the 
Eye* Glafs  from  that  Reprefentation,  are  but  lit¬ 
tle  difpers’d  before  they  come  to  the  Eye  ;  fo  that 
they  all  go  into  it.  And  therefore  the  Illumina¬ 
tion  given  by  the  Telefcope,  is  to  that  which  is 
given  by  the  naked  Eye,  as  the  Surface  of  the 
Objed-Glafs,  thro’  which  the  Rays  pafs,  to  the 
Surface  of  the  Pupil*  *  7?$ 

One  may  alfo  with  two  Lenfes  make  Telefcopes,'/j6 
•which  (hall  J hew  ObjePls  erePt,  enlighten  d>  and  mag¬ 
nified.  Thefe  muff  be  fhorter ;  for  if  they  be 
above  one  Foot  long,  they  become  almoft  ufilefs, 

b.caufe 
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becaufe  their  Field  will  be  fo  fmall ;  that  is,  they 
will  take  in  fo  little  of  an  Object. 

Plate  XI.  Fig.  5.]  Let  V  V  be  an  Objed- 
Glafs,  the  inverted  Reprefentation  of  a  diftant 
^7n  Objed  will  beaten*:  the  Rays  are  fo  inter¬ 
cepted  by  the  concave  Lens  D  D,  that  fuch  of 
them  as  come  from  the  Center  of  the  Lens  V  V, 
are  infleded  as  if  they  proceeded  from  the  Point 
*7oSf*;  by  the  fame  Refradion  in  the  Rays  which 
*  7q6  concurred  at  a ,  become  diverging  *  ;  having  their 
imaginary  Focus  at  a ;  which  alfo  happens  in 
refped  to  all  the  Points  of  the  Reprefentation 
e  a ,  and  inftead  of  it,  you  have  an  imaginary 
Reprefentation  which  is  ered  at  a  e ;  that  is, 
the  Rays  enter  the  Eye  as  if  they  came  from 
the  Objed  plac’d  at  a  e. 

777  The  Rays,  in  all  refpeds,  go  out  diverging 
from  the  Eye-Giafs ;  and  therefore  the  Eye  mufi 
he  brought  as  near  as  pofflble ,  to  the  Eye-Glafs . 

778  In  this  Telefcope ,  the  Field  depends  upon  the  Bignefs 
of  the  Objetl-Glafs ;  for  the  Rays  which  from  a 
Point  come  obliquely  to  the  Center  of  this  Lens, 
very  often  do  not  enter  the  Eye  ;  whilft  other 
Rays  from  the  fame  Point,  which  pafs  thro’  the 
Lens  near  its  Circumference,  do  come  to  the 
Eye, 


CHAP.  XIII. 

Of  the  Reflection  of  Light . 

WE  have  fhewn  that  Light  is  refleded  from 
opaque  Bodies,  and  that  every  Point 
*  refleds  it  every  way  *•  The  Occafion  of  this 
is  the  Inequality  of  the  Surfaces,  which  are 
made  up  of  an  innumerable  Quantity  of  fmall 
Planes,  which,  in  all  fenfible  Points,  are  direded 

every 
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every  Way ;  which  will  be  eafily  conceiv’d,  if 
we  imagine  a  Surface  cover'd  with  an  innume¬ 
rable  Quantity  of  fmall  Hemifpheres.  That 
this  is  true,  we  deduce  from  the  Reflexion  of 
Light  from  a  polifii’d  Surface ;  that  is,  from  a 
Surface  whofe  Inequalities  are  taken  off ;  which 
in  all  its  Points  reflects  the  Light  only  one  way* 
which  holds  in  a  Curve  as  well  as  in  plane  Sur¬ 
faces  :  Nay,  from  Surfaces  that  are  not  at  all 
fxMifh’d,  the  Light  is  moftly  reflected  that  way, 
that  it  would  be  all  reflected  if  they  Were  po¬ 
li  fil’d,  as  daily  Experience  (hews. 

Plate  XII.  Fig.  2.]  Let  A  C  be  a  Ray  of 
Light  coming  obliquely  upon  a  plane  Surface  ; 
let  C  O  be  perpendicular  to  this  Surface,  and 
the  Ray  be  reflected  along  C  B. 

Definition  1. 

The  Ray  CB,  is  call’d  the  reflected  Ray .  780 

Definitio  n  II. 

The  Angle  OCB  is  call’d  the  Angle  of  Re -  781 
flexion. 

7 he  reflected  Ray ,  together  with  the  incident  Rayy  782 
ti  in  the  fame  Plane  whtch  is  perpendicular  to  the  re- 
fie&ing  Plane. 

For  the  AEliCn  of  this  Plane ,  by  which  the  Light  783 
is  refleLled,  is  directed  perpendicularly  to  a  Plane* 
which  is  fuppofed  like  it  in  all  Points. 

7 fe  Angle  of  Reflexion  is  equal  to  the  Angle  of  784. 
Incidence . 

Experiment  1 .  Plate  XII.  Fig .  2.]  Take  a  plane 
Looking-glafs  S,  which  may  be  let  in  any  Po- 
fltion  by  means  of  a  Ball  and  Socket  join’d  to 
the  Foot  that  fuftains  it ;  thro’  a  Hole,  in  the 
Plate  of  Metal  L,  that  is  in  the  Window,  let  in 
a  Sun  Beam  of  about  a  quarter  of  an  Inch  Diame- 
Won  II.  G  ter 
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ter  into  the  Room ;  the  Glafs  mud  be  fo  difpo- 
fed  that  the  Beam  may  come  thro’  an  oblique 
cylindric  Cavity  ( of  the  fame  bignefs  as  the 
Beam)  made  in  a  little  upright  Board  T  :  If 
you  turn  this  Board  Side  for  Side,  the  reflected 
Ray  will  go  thro*  the  fame  Cavity.  This  holds;! 
good,  whatever  the  Inclination  of  the  Cavity 
be,  as  may  be  demonftrated  by  ufing  different 
Boards. 

By  which  Experiment  N°.  779  is  proved,  as 
well  as  N°  784. 

785  Plate  XII.  Fig.  2.]  If  the  refieBed  Ray  becomes 
the  incident  Ray  ;  that  is,  if  the  Light  comes 
along  the  Line  B  C,  it  will  return  in  the  Line  1 
C  A,  that  is,  the  firft  that  was  the  incident  Ray 
will  become  the  refieBed  Ray  ;  as  appears  from 
the  Equality  of  the  Angles  B C O,  OCA. 

From  this  Equality  of  the  Angles  of  Inci¬ 
dence  and  Reflexion,  we  farther  deduce,  that 
the  Light  after  it  has  fall' n  upon  a  Body ,  recedes 1 
from  it  with  the  fame  Force  that  it  came  upon  it.  Let 
the  Motion  along  AC  be  refolvM  into  two  Mo- 

*  192  tions  along  AO  and  O  C  *,  fuppofing  AO  pa¬ 

rallel  to  the  reflecting  Plane,  and  O  C  perpen¬ 
dicular  to  it.  Let  A  O  be  continued  ;  the  Mo¬ 
tion  in  that  Direction  is  not  alter'd  from  the 
ACtion  of  the  Plane:  Therefore  let  AO  and 
OB  be  equal ;  if  the  Light  recedes  from  the 
Plane  with  the  fame  Force,  with  which  it  came 
upon  it,  the  Motion  occasion'd  by  the  Repul- 
fion  is  reprefcnted  by  C  O,  and  in  that  Cafe 

*  190  the  reflected  Ray  goes  thro'  B*  ;  that  is,  the 

Angle  OCB  is  equal  to  the  Angle  OCA,, 
which  agrees  with  the  Experiment. 

787  As  to  the  Reflexion  oi*  Light  it  is  to  be  ob- 
ferv  d,  that  Light  does  not  run  again ft  the  folid  Part 
of  Bodies ,  when  it  is  ref  e Bed  by  them  ;  but  that  it  is 
vefeBedinthofe  Places ,  where  it  cou  d  very  freely 

pafs 
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pafs.  I  fhall  prove  this  by  feverai  Experiments 
by  which  many  other  wonderful  Properties  of 
Reflexion  are  difeover'd. 

It  is  a  common  Experiment  obferv'd  by  every  788 
Body,  that  when  Light  is  mov’d  through  any 
Medium  ;  as  for  Example,  Glafs,  Water  or  Air, 
it  does  not  undergo  a  fenfible  and  regular  Refle¬ 
xion  ;  but  that  it  is  refle&ed  there,  where  two 
Mediums  of  different  Denlity  are  feparated  •  fo 
it  is  refle&ed  in  the  Surface  of  Water  or  Glafs. 

Cou’d  Light  in  fuch  Quantity  ftrike  againfl: 
the  Particles,  juft  where  the  Mediums  are  fepara¬ 
ted,  whereas  it  moves  thro"  both  the  Mediums  for 
a  great  Space  without  flriking  againfl:  any  fuch 
Particles  ;  Are  there  more  of  thofe  Particles  near 
the  Surface  than  elfewhere  ?  Light  alfo  is  more  a~  78^ 
bundantly  reflected  in  a  denfer  Medium ,  when  it 
comes  againfl  the  Surface  of  a  rarer ;  than  when  on 
the  contrary  moving  in  a  rarer  Medium ,  it  fir  ikes 
againfl  the  Surface  of  a  denfer. 

Experiment  2.  Plate  XII.  Fig.  3.]  In  a  dark 
Place,  in  which  the  Light  enters  thro’  an  Hole 
in  the  Plate  L,  let  there  be  plac'd  a  triangular 
Prifm  of  Glafs  A  B  ,*  let  the  Light  enter  the 
Prifm  thro'  one  Side ;  if  it  comes  to  the  next 
Side,  making  an  Angle  of  Incidence  greater  than 
40  Degrees,  it  is  wholly  refle&ed,  and  does  not 
at  all  penetrate  into  the  Air ;  but  Light  moving 
in  Air  is  never  wholly  refle&ed  by  the  Glafs. 

But  if  the  Reflexion  be  made  by  the  flriking 
of  Light  againfl  the  folid  Parts  of  Bodies,  there 
muft  be  more  fuch  Parts  in  Air  than  in  Glafs  ; 
for  if  Light  was  reflected  from  the  Glafs  itfelf 
into  the  Air,  the  Light  would  never  come  to 
the  Separation  of  the  Mediums  ;  that  the  Light 
can  alfo  go  out  of  Glafs  in  the  very  Places, 
where  it  is  refle&ed,  is  prov’dby  following  Ex- 

Vo  l.  II.  G  2  perimetus. 
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periments.  Therefore  in  the  Neighbourhood  of 
the  Glafs  there  muft  be  fo  many  parts  in  the 
Air,  that  there  may  be  no  way  for  the  Paflage 
of  the  Light,  to  caufe  it  to  be  wholly  reflefted 
into  the  Glafs ;  but  it  is  plain  that  there  are  no 
fuch  Parts,  becaufe  Light  comes  thro*  the  Air 
in  all  Dire&ions  quite  to  the  Glafs.  Even  in 
the  fame  place  of  the  Surface  which  feparates 
the  Glafs  and  Air,  the  Light  which  comes  from, 
one  Side  is  refle&ed,  whilft  that  which  comes 
from  the  other  Side  is  tranfmitted.  Which  clear¬ 
ly  proves  that  the  Light  is  refle&ed  in  the  very 
Place  where  it  can  go  thro*. 


Experiment  3.  Plate  XII.  Fig.  3.]  Every  thing 
being  as  in  the  former  Experiment,  if  the  Ob¬ 
liquity  of  the  Light  be  chang’d,  part  of  it  will 
pafs  thro’  into  the  Air. 

Who  wou’d  conceive  that  Light,  which  pafles 
from  Glafs  into  Air,  and  does  not  run  againft 
the  folid  Parts,  (hou’d  all  of  it  (by  a  little  en- 
creafing  the  Obliquity  )  run  againft  thofe  Parts ; 
when  in  each  Medium,  as  has  been  already  faid, 
there  are  Pores  and  Paffages  in  all  Dire&ions. 


79* 


Experiment  4.  Viate  XII.  Fig.  3.]  Take  a  Glafs 
triangular  Prifm  AB,  moveable  about  its  Axis; 
which  is  made  fo  by  fixing  brafs  Plates  to  its 
Ends,  with  brafs  Wire  perpendicularly  fix’d  to 
them :  The  Prifm  muft  be  fo  laid  upon  the 
Trough  P,  as  that  the  faid  Wires  may  bear  up¬ 
on  the  Brims  of  it,  which  are  made  a  little  hol¬ 
low  to  receive  them,  yet  fo  as  to  let  them  turn, 
that  the  Prifm  may  move  freely  about  its  Axis  : 
Let  it  be  fo  plac’d  as  to  refiedfc  the  Light  in  the 
fame  manner  as  in  the  fecond  Experiment.  Let 
the  Trough  be  fill’d  with  Water  up  to  the 
Prifm;  then  the  Light,  which  ftriking  againft 

the 


the  Air,  was  wholly  reflected,  now  running  a- 
gainft  the  Water,  does  partly  enter  into  it,  and 
is  only  reflected  in  part. 

Which  Experiment  does  not  at  all  agree  with 
a  Reflexion  made  by  a  Stroke  upon  the  folid 
Parts. 

In  the  third  Part  of  this  Book  we  {hall  alfo 
fhew,  that  thin  Plates  which  refleft  Light,  will 
tranfmit  it,  if  they  become  thicker  *.  *  894 

The  fourth  Experiment  alfo  proves  that  the  792 
re  fleeing  Power  is  fo  much  greater,  as  the  Mediums , 
which  are  feparated  by  a  reflecting  Surface ,  differ 
more  in  Denfity ;  for  Glafs  and  Air  differ  more  in 
Denfity  than  Glafs  and  Water. 

In  this  Experiment  we  alfo  fee  that  Reflexion  795 
is  made  by  the  fame  Power  by  which  the  Rays  are  re - 
fraBed ,  which  produces  different  Effe&s  in  different 
Circum  fiances. 

A  Ray,  which  goes  out  of  a  denfer  into  a 
rarer  Medium,  by  the  Attraction  of  the  former, 
is  made  to  recede  from  the  Perpendicular  ;  if  *  sis 
the  Obliquity  of  the  incident  Ray  be  encreas’d, 
the  Obliquity  of  the  refraCted  Ray  will  alfo  en- 
creafe,  till  it  comes  at  laft  to  move  in  the  very 
Surface  which  parts  the  Mediums.  And  this 
obtains,  when  the  Sine  of  the  Angle  of  Inci¬ 
dence  is  to  the  whole  Sine,  as  the  Sine  of  Inci¬ 
dence  in  the  denfer  Medium,  is  to  the  Sine  of 
Refraftion  in  the  rarer  ;  for  in  that  Cafe  the 
Angle  of  RefraCtion  is  a  right  one.  If  the  Ob¬ 
liquity  of  the  incident  Ray  be  more  encreas’d, 
it  is  plain  that  the  Ray  cannot  penetrate  into 
the  rarer  Medium  :  This  is  the  Cafe  in  which 
the  Light  is  wholly  reflected;  which  Reflexion 
depends  upon  that  Attraction  by  which  the  Rays 
are  refraCted.  For  when  the  Ray  is  mov’d  thro’ 
the  Space  of  Attraction,  it  is  bent  towards  the 
denfer  Medium  *;  if  it  be  in  the  denfer  Mcdi-  *619 
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um,  and  fo  bent*  that  before  it  has  gone  thro’ 
the  whole  Space  of  Attradion,  the  Tangent  to 
the  Curve  be  parallel  to  the  Surface  that  fepa- 
rates  the  Mediums,  the  Curve  being  continued, 
turns  back  again  •  and  therefore  the  Ray  is  re¬ 
flected  by  the  Attradion  of  the  denfer  Medium, 
and  this  Continuation  o f  the  Curve  is  iimilar 
and  equal  to  the  firft  Part,  and  makes  the  An¬ 
gle  of  Reflexion  equal  to  the  Angle  of  Inci¬ 
dence  ;  becaufe  the  Light  returns  thro*  the  fame 
Part  of  the  Space  of  Attradion  ;  and  the  fame  at¬ 
tracting  Force  ads  upon  the  Light  in  correfpon- 
dent  Points  of  the  two  Parts  of  the  Curve.  Thus 
a  Projectile,  in  its  Afcent  and  Defcent,  defcribes 
iimilar  Curves. 

let  that  all  Reflexion  does  not  depend  upon  that 

794  Attraction  in  the  fame  manner ,  is  evident ;  for  in 
that  Cafe  in  which  the  Refradion  is  made,  part 
of  the  Light  is  refleded  ;  for  the  Light  does  not 
wholly  penetrate  out  of  the  rarer  into  the  denfer 
Medium ;  for  even  in  that  Cafe,  in  which  the  At¬ 
traction  is  the  mod  oppos’d  to  the  Reflexion 
that  is  poffible,  yet  fome  Rays  are  refleded. 

Yet  it  cannot  be  doubted  but  that  in  every 

795  Cafe  Reflexion  has  relation  to  the  ref  railing  Power. 

7 Where  Light  paffes  without  Refraction ,  there  it  is 

*  6 17,  not  reflected  *  ;  hut  where  the  Refr aCiion  is  greatefly 
there  the  Reflexion  is  alfo  ftrongeft  *  ;  which  is  true,,  I 
» not  only  when  Light,  moving  in  a  denfer  Medi- 
/92,  um,  ftrikes  againft  a  rarer,  as  in  the  fourth  Ex¬ 
periment  ;  but  the  fame  thing  is  obferv’d,  when 
Light  ftrikes  againft  the  denfer  Medium  :  Thus 
fup poling  the  Light  to  move  in  Air,  the  Surface 
of  Glafs  refleds  more  ftrongly  than  that  of  Wa¬ 
ter;  and  that  of  a  Diamond  yet  more  ftrongly. 

If  Glafs  and  a  Diamond  be  immers’d  in  Wa¬ 
ter  ;  the  refolding  Power  is  lefs  in  the  Separa¬ 
tion  of  thofe  Bodies  with' Water,  than  where 

thofe 
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thofe  Bodies  touch  the  Air  *.  Thefe  Bodies  alfo  *  631 
refled  Light  lefs  ftrongly  in  Water  than  in  Air. 
From  this  Relation  of  the  refleding  and  re- 
frading  Powers  we  deduce,  that  Light  is  driven  797 
hack  at  a  certain  Di/lance  from  the  Bodies ,  in  the 
fame  manner  that  the  retracing  Power  does  alfo 
ad  at  fome  Diftance  from  the  Body  :  This  Pro- 
pofition  is  confirm’d  from  what  has  been  demon- 
ftrated  concerning  Reflexion,  which  does  not 
depend  upon  a  Stroke  made  againft  the  (olid 
Parts  of  Bodies  3  and  this  is  fully  made  out  it 
we  confider,  that  polifh’d  Bodies  reflect  the  Light  798 
regularly  (which  we  obferve  in  Looking-glaffes) 
thoy  there  be  a  great  many  Scratches  in  their  Surfaces : 

For  as  they  are  polifh’d  with  the  Powders  of 
Emery  and  Putty ,  tho5  their  Parts  are  very  fmall, 
yet  they  leave  very  great  Scratches  on  the  Sur¬ 
face  in  refped  of  the  Particles  of  Light ;  whence 
in  the  Surface  itfelf  the  Reflexion  muft  needs  be 
irregular  3  but  if  we  conceive  the  Reflexion  to 
be  made  at  fome  Diftance  from  the  Surface,  the 
Irregularities  are  diminiftdd,  and  almoft  wholly 
taken  off,  as  is  eafily  underftood  by  any  one  that 
confiders  it  with  Attention. 


C  H  A  P.  XIV. 

Of  Plane  Mirrors . 

Viate  XII.  Fig.  4]  T  ET  be  be  the  Surface  7 99 

J _ j  of  a  Plane  Mirror  or 

Looking-glafs  ;  A  a  radiant  Point.  Let  the  Plane 
of  the  Glafs  be  continued ,  and  from  the  Radiant  A 
let  a  Perpendicular  A  C  fall  upon  it  3  if  this  Line  be 
continued ,  and  C  a  be  made  equal  to  CA,  a  will  be 
the  imaginary  Focus  of  the  reflefled  Rays  that  proceed 
from  A.  Let  A  b  be  the  incident  Ray  ;  bf  the  re- 
fleded  Ray  3  which  continue  beyond  the  Glafs ; 

G  4  becaufe 
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the  Angles  of  Incidence  and  Reflexion  are  equal 

*  784  to  one  another  *,  their  Complements  alfo,  which 

are  the  Angles  A  b  C,  j  b  d  are  equal ;  to  this  is 
equal  its  oppofite  and  vertical  #  b  C  :  The  Trian¬ 
gles  A  h  C,  a  bCy  which  are  re&angular,  have  th$ 
Side  Cb  common,  and  the  Angles  C  ba>  Cb  A, 
equal ;  therefore  they  agree  in  all  refpe&s,  and  CA 
and  Ca  are  equal  to  one  another  :  Which  Demon- 
ftration  may  be  applied  to  all  the  other  Rays 
which  flow  from  A,  in  whatever  Plane,  perpen¬ 
dicular  to  the  Glafs,  they  be  conceiv’d  to  be. 
Therefore  wherever  the  Eye  is,  if  the  refle&ed 
Rays  come  to  it,  they  will  enter  the  Eye  as  if 
they  came  from  a, ;  and  the  Point  A  will  appear 

#  757  in  that  Place  * ;  but  the  Appearance  of  that  Point 

800  will  have  the  fame  Pofition  in  refpeEl  of  the  Mirror 9 
behind  it ,  as  the  radiant  Point  has  before  it. 

801  If  this  be  applied  to  all  the  Points  of  the  Ob¬ 
ject,  it  will  appear,  that  the  ObjeSl  will  appear  be¬ 
hind  the  Glafs  in  the  fame  Pojltion  that  it  has  before 
the  Glafs. 

,  ■  - -  - -  *  '■'J  '  .  ,  ■  . . . .  mm 

CHAP.  XV. 

Of  Spherical  Mirrors » 

EVERY  fpherical  Surface  rpay  be  confl- 
de r’d ,  as  made  of  innumerable  fmall 
Planes ;  and  a  Plane  which  touches  the  Sphere 
in  any  Point,  is  as  it  were  a  Continuation  of 
fuch  a  fmall  Plane. 

Spherical  Mirrors  are  either  Concave  or  Con¬ 
vex. 

The  firft  are  made  of  part  of  an  hollow 
Sphere  polifh’d. 

The  fecond  are  parts  of  Spheres  polifb’d  on 
the  out  fide.  ' 
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A  Ray  coming  upon  any  fpherical  Mirror ,  together  804 
with  its  refle&ed  Ray,  is  in  a  Plane ,  which  being  con - 
tinuedy  goes  thro  the  Center  of  the  Sphere  *,  for  fuch  a  *  782 
Plane  is  perpendicular  to  the  Surface  of  the 
Sphere.  A  Line  which  is  drawn  thro*  the  Center  of  805 
the  Sphere  and  Point  of  Incidence ,  being  continued , 
makes  equal  Angles  with  the  incident  and  reflected 
Rays  * ;  for  that  Line  is  perpendicular  to  the  *  7g4 
Surface,  and  thofe  Angles  are  Angles  of  Inci¬ 
dence  and  Reflexion  :  Therefore  the  Ray  that  goes  80 6 
fhro’  the  Center ,  or  which  being  continued  woud  go 
thro  the  Center ,  when  reflected  returns  upon  itfelf. 

Plate  XII.  Fig.  5.]  Let  ^  be  a  Portion  of 
(convex  Mirror ;  A  a  radiant  Point;  let  Ab,  Ad, 

Ac,  be  incident  Rays;  the  refle&ed  Rays  will 
b £  bf  dg,  ch;  if  from  the  radiant  Point  A,  a  807 
7 cpngent  be  drawn  to  the  Mirror ,  the  refle&ed  Ray 
will  bp  a  Continuation  of  the  incident,  or  ra¬ 
ther  the  Reflexion  of  the  Rays  is  terminated  in  the 
Point  of  Contaft. 

If  £/>  dg,cb,  the  Rays  that  are  refleSied  from  the  808 
tonvex  Mirror ,  be  continued ,  with  all  the  intermedi¬ 
ate  ones,  by  their  Interfe&ions  they  will  form  the 
Curve  a  a ,  which  all  thefe  Rays  touch,  and  the 
neighbouring  Rays  interfeft  in  the  Periphery  of 
the  Curve ;  fo  that  they  always  enter  the  Eye  as 
if  they  came  from  a  Point  of  the  Periphery;  in 
which  therefore  the  Point  A  does  always  appear  *,  *737 
as  long  as  the  refle&ed  Rays  can  come  to  the 
Eye,  and  the  Eye  is  mov’d  in  a  Plane  which 
goes  thro’  the  Center  of  the  Sphere ;  but  when 
the  Eye  is  remov’d  out  of  that  Plane,  the  radi¬ 
ant  appears  in  another  Curve,  becaufe  there  are 
fuch  Curves  in  every  Plane,  which  may  be  con¬ 
ceiv’d  to  pafs  thro5  A  and  C. 

Since  all  thefe  Curves,  and  each  of  them  g0p 
wholly  are  behind  the  Glafs,  all  the  Qbjetts  alfo 
appear  behind  the  Surface  of  the  Glafs . 

7 'he 
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8 io  Ehe  Obje&s  likewife  appear  ereB.  For  if  the 
Point  A  be  mov'd  about  the  Mirror,  the  whole 
Curve  a  a  is  carried  with  the  fame  Motion  ; 
which  proves  ( in  refped  to  the  ered  or  inverfe 
Situation )  that  the  Points  of  the  Representa¬ 
tion  have  the  fame  Relation  to  each  other  as 
the  Points  of  the  Objed  itfelf. 

As  the  Point  A  is  farther  remov’d  from  the 
Glafs,  the  whole  Curve  does  alfo  recede  by  a 
contrary  Motion ;  for  fuppofing  A  at  an  infinite 
Diftance,  that  Point  of  the  Curve  which  is  the 
fartheft  remov’d  from  the  Surface,  will  be  diftant 
from  it  a  quarter  of  the  Diameter ;  whence  it 

8xi  follows,  that  the  ObjeBs  appear  diminijh3 d>  becaufe 
all  the  Reprefentations  are  compris’d  in  fmall 
Limits. 

8 1 2  If  the  Eye  be  mov  dy  the  Appearance  of  the  Ob- 
jeSl  is  alfo  mov’d,  and  its  Figure  chang d:  For  all 
the  Points  are  mov’d  in  their  own  Curves,  and 
that  unequally,  according  to  the  different  Situa¬ 
tion  of  the  Eye  in  refped  of  each  Curve  • 
whence  of  Neceffity  the  Figure  muft  be  chang’d. 

Experiment  i.  Plate  XII.  Fig.  6.~]  If  any  one 
fees  his  Face  in  a  Spherical  convex  Mirror, 
(landing  at  A,  he  will  fee  his  Face  at  a  ered, 
diminifh’d  and  unlike ;  by  the  Motion  of  the 
Eye  one  may  obferve  the  other  Things  men¬ 
tion’d  in  refped  to  fix’d  Objeds. 

8x3  b  d  (  Plate  XIII.  Fig. i.)  be  a  concave  Mirror , 

and  a  Portion  of  a  Sphere  whofe  Center  is  C ;  let 
parallel  Rays  fall  upon  the  Surface  of  the  Mirror ,  one 
of  which,  C  d,  is  fuppos’d  to  pafs  thro’  the  Cen- 

*  Zc6  ter;  this  Ray  by  Reflexion  returns  upon  itfelf*, 
and  the  Rays  next  to  it  being  refleded,  become 
converging,  and  concur  with  it  in  the  Focus  F, 
which  is  the  middle  Point  between  d  and  C.  Let 
A  h  be  a  Ray  very  little  diftant  from  C  d ;  draw 

%  the  * 
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the  Semidiameter  C b  ;  the  Angle  cf  Incidence 
will  be  KbC,  to  which  the  Angle  of  Reflexion 
C£F  *  is  equal,  as  alfo  the  alternate  Angle  *  80$ 
bC  F  ,*  therefore  b  F  C  is  an  Ifofceles  Triangle, 
and  the  Sides  F  C  and  F  b  are  equal  •  becaufe 
b  d  is  very  fmall,  F  d  and  F  b  do  not  fenfibly  dif¬ 
fer  ;  therefore  F  C  and  F  d  are  equal ;  which 
Demonftration  will  ferve  for  all  the  Rays  that 
are  but  very  little  diftant  from  C  d. 

If  parallel  Rays  are  farther  diftant  from  C  d , 
they  do  not  meet  at  F;  yet  they  will  all  come 
together  into  a  little  Circle,  ft  the  Diameter  ofc 
the  Mirror  does  not  exceed  the  fifth  or  fixth 
Part  of  the  Diameter  of  the  Sphere  of  which  it 
is  a  Portion. 

Burning  Mirrors  are  made  upon  this  Founda-  8x4 
tion,  which  colled  the  Sun’s  parallel  Rays  into 
a  Focus. 

Experiment  2.  Plate  XIII.  Fig.  2.]  Let  there 
be  a  concave  Mirror  S,  made  of  Metal,  or  of 
Glafs  quickfilverd  behind  ;  let  it  ftand  upon  the 
wooden  Foot  P,  whofe  upper  Part  is  bor’d  fo 
as  to  receive  a  Cylinder  of  Wood  made  faft  to  a 
tranfverfe  Piece  A  A,  which  ferves  for  turning 
the  Glafs  round  with  a  horizontal  Motion  ; 
and  the  Mirror  itfelf  muft  move  upon  two  Ends 
of  an  Axis  between  the  Pillars  A  B,  AB,  fo  as 
to  be  inclin’d  in  any  Angle  ;  and  the  Screws  B,  B, 
will  make  it  faft  in  any  Pofition. 

Having  expos’d  the  Burning-Glafs  to  the  Sun- 
Beams  in  fuch  a  manner,  that  the  Ray  which 
comes  upon  the  middle  of  the  Glafs  is  perpen¬ 
dicular  to  its  Surface  ;  fince  all  the  others  are 
parallel  to  it,  they  are  colle&ed  in  a  Focus,  at 
a  quarter  of  a  Diameter’s  Diftance  from  the 
Glafs,  and  there  burn  violently. 
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If  the  Diameter  of  the  Surface  of  the  Mirror 
(as  it  is  in  mine)  be  of  about  15  Inches,  and 
the  Focus  is  18  Inches  diftant  from  it.  Wood  will 
immediately  be  in  a  Flame,  and  thin  Plates  of 
Lead  prefently  melt. 

If  we  conftder  the  Rays  that  are  at  fome  Di- 
ftance  from  C  d,  and  parallel  to  it,  thofe  of 
them  that  are  neareft  one  another  being  refle¬ 
ded,  wiil  interfed  before  they  come  to  C  dy  and 
in  that  Cafe,  that  is,  where  parallel  incident  Rays 
fall  obliquely  on  the  Glafsy  being  a  little  difpers  d  by 
Reflexion ,  they  are  colle  tied  in  a  Point. 

If  the  Focus ,  in  which  parallel  Rays  are  colletled 
by  a  concave  Mirror ,  becomes  the  radiant  Point ,  the 
Rays  which  are  but  little  difperfed,  are  refle- 

*  sifted  parallel  to  one  another  *. 

785-  From  thefe  Properties  of  a  concave  Mirror 
we  deduce  the  Method  of  reprefenting  Objeds 
in  a  dark  Place,  much  like  what  was  before 
fhewn  in  refped  of  a  Convex  Lens  *. 

*  71  *  Plate  XIII.  Fig .  3.]  Let  there  be  an  Hole  F 

thro’  the  Wall ;  let  a  b  be  a  concave  Mirror,  fo 
plac’d  as  to  colled  the  parallel  Rays  that  are 
perpendicular  to  the  Wall  at  F :  The  Rays  com- 
*8£6  ing  from  F  in  that  Diredion,  are  refleded*, 
and  fuch  are  the  Rays,  which  being  refleded 
from  the  external  Objeds,  interfed  one  another 
at  F. 

Let  AF  be  Rays  coming  from  a  Point  of  a 
diftant  Objed ;  thefe  Rays  are  by  the  Mirror 
refleded  perpendicularly  to  the  Wall ;  and  be- 
caufe  Rays  coming  from  a  diftant  Point,  and 
pafiing  thro*  a  fmali  Hole,  may  be  look’d  upon 
as  parallel,  thefe  Rays  will,  after  Reflexion,  be 
coileded  into  one  Point  at  ay  at  the  Diftancc  of 
*$15  the  Wall*,  that  is  in  its  Surface;  where  there¬ 
fore  the  Point  will  be  reprefented.  In  the  fame 
manner  the  Rays  which  come  from  a  Point 
'  through 
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through  B  F,  are  collected  at  b ;  which,  as  it  is 
true  with  Regard  to  all  the  Points  of  an  Ob¬ 
ject,  will  give  the  Reprefentation  of  it  upon  the 
Wall :  And  if  the  Wall  be  white,  and  the  Ob- 
Jed  enlighten'd  by  the  Rays  of  the  Sun,  the 
Pidure  will  appear  in  very  lively  Colours. 

Experiment  3.  Plate  XIII.  Fig.  4.]  In  a  dark 
Place  cover  the  backfide  of  the  Wmdow-fliut 
with  white  Paper,  an  Hole  being  made  in  the 
middle  of  it  little  more  than  half  an  Inch  Diame¬ 
ter,  fo  as  to  anfwer  to  an  Hole  behind  it  in  the 
Window-fhut,  over  againft  which,  at  a  Diftance 
no  lefs  than  of  50  Foot,  there  are  feveral  Ob- 
jeds  enlighten'd  by  the  Sun  :  Let  a  concave 
Mirror  whofe  Surlace  is  15  Inches  wide,  and 
which  colleds  parallel  Rays  at  the  Diftance  of 
18  Inches,  be  placed  at  that  Diftance  from  the 
Window,  in  fuch  manner,  that  a  Line  palling 
thro’  the  Center  of  the  Hole,  and  the  Center  of 
the  Surface  of  the  Mirror,  be  perpendicular  to 
the  Plane  of  the  Paper  and  the  Surface  of  the 
Glafs.  Then  the  Objeds  will  be  reprefented 
upon  the  Paper  in  a  Circle  concentric  with  the 
Hole,  and  whofe  Diameter  is  equal  to  the  Dia¬ 
meter  of  the  Mirror.  You  muft  join  to  the 
Hole,  on  the  outfide  of  the  Room,  an  hollow, 
truncated  Cone,  to  exclude  the  Light  which  does 
not  come  from  the  Objects  to  be  reprefented. 

Let  be  (  Plate  XIII.  Fig .  5*)  be  a  concave  Mir -  818 
ror  ;  C  the  Center  of  its  Concavity  ,•  A  a  radi¬ 
ant  Point  farther  di  flant  than  C  the  Center  of  the 
Glafs ;  Ab,  Ad,  Ae  incident  Rays ,  whofe  refle- 
Eled  ones  bf,  dg,eh,  with  their  intermediate 
qnes,  by  their  mutual  Inter feSlions  form  the  Curve  a  a, 
which  they  all  touch  ;  therefore  the  Point  A  appears 
in  that  Curve*;  and  if  the  Eye  be  mov’d  in  the  *  Sc! 

Plane  of  the  Curve,  the  Appearance  will  change 

Place 
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Place  in  that  Curve.  But  in  all  the  Planes  which 
may  be  conceived  to  pafs  thro*  C  A,  there  is 
fuch  a  Curve,  and  they  all  concur  in  the  Line 

Sip  CA,  namely  at  the  Point  a.  'therefore  in  that 
Point  a ,  the  refleSled  Rays  are  the  mofl  abundantly  col - 
leBedy  which  therefore  is  call’d  the  Focus  of  the 
Rays  coming  from  A.  On  the  contrary,  A 

*  will  be  the  Focus,  fuppofing  the  Radiant  at  a  *. 

In  this  Figure  there  is  only  part  of  the  Curve 
drawn,  which  is  produc'd  by  one  part  of  the 
Line  A  C ;  fuch  another  Part  muft  be  conceiv’d 
on  the  other  fide,  and  both  join  in  the  Focus  of 
the  radiant  Point. 

820  As  the  radiant  Point  recedes ,  the  Curve  comes 
nearer  to  the  Mirror . 

821  As  the  Radiant  comes  forward,  the  Curve 
recedes  from  the  Mirror,  and  moves  toward  the 
Radiant ;  till  they  concur  at  the  Center  C  ;  in 
which,  if  the  Radiant  be  plac'd,  all  the  reflected 

*  806  Rays  will  coincide  with  the  incident  #,  and  the  whole 

Curve  will,  as  it  were,  be  fwallow’d  up  in  the 
Center. 

822  If  the  Radiant  is  yet  brought  nearer  to  the  Mir¬ 
ror,  fo  as  to  be  between  the  Center  and  the  Glafsy 
the  Curve  will  recede  farther,  and  be  then  beyond 
the  Center ;  and  in  the  Curve,  that  Point  will 
recede  mofl:  of  all,  in  which  all  the  Curves  con¬ 
cur  which  are  conceiv’d  in  feveral  Planes,  that  is, 
the  Focus  of  the  radiant  Point :  and  that  Focus 

823  will  be  at  an  infinite  Diftance,  when  the  Radiant 
is  diftant  from  the  Mirror  juft  the  fourth  Part  of  the 

*  Si  3  Diameter  of  the  Sphere  *  Then  alfo  the  Curve  is 

81 6  extended  in  infinitum ,  and  the  two  Parts  which  con¬ 
cur  in  the  Focus  of  the  Radiant  are  feparated ; 
this  feparated  Part  is  feen  at  a  a  .*  (Plate  XIII. 
Fi%.  6.)  If  the  Radiant  be  brought  flill  nearer ,  the 
Curve  Parts  decline  from  one  another ,  becaufe  the 
Rays,  fuch  as  A  bs  and  thofe  near  it  being  re¬ 
flected. 
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fleded,  do  not  touch  the  Curve,  but  become  di¬ 
vergent  ;  that  is,  thofe  refkded  Rays  being  conti¬ 
nued  beyond  the  Glafs,wiU  interfed  one  another, 
and  jorm  a  new  Curve  behind  the  Glafsy  which  has 
two  Legs ,  one  of  which  is  feen  at  a  a  ;  they  con¬ 
cur  in  the  Line  C  A  continued,  namely,  at  ay  and 
receding  from  the  Glafs,  are  ftretched  out  in  infi¬ 
nitum.  And  there  is  alfo  on  each  Side  of  the  ra¬ 
diant  Point,  a  Point  in  the  Surface  as  dy  which 
feparates  the  Rays  that  form  the  Curves  a  a  and 
aa;  and  the  Ray  A  d  being  refleded  in  d g, 
touches  neither  of  the  Curves,  if  it  be  infinitely 
continued  toward  each  Part  gy  g ,  tho3  it  is  con¬ 
tinually  coming  nearer  to  each  Curve-  It  the 
whole  Sphere  was  compleated/in  refped  of  the 
oppofite  Part  of  the  Sphere,  the  Radiant  would  be 
beyond  the  Center,  and  the  refleded  Rays  would 
form  the  Curve  which  we  have  mention’d  be¬ 
fore,*  by  which  the  feparated  Legs,  as  a  a,  would  s  1 3 
be  join’d.  Thefe  things  thus  premifed,  we  pro¬ 
ceed  to  explain  the  Phaenomena  of  concave  Mir¬ 
rors. 

If  the  Mirror  be  enlightened  by  a  lucid  Body ,  the  825 
Rays  which  come  from  all  the  Points  of  the  ObjeB  be¬ 
ing  reflected,  will  form  Curves,  but  are  chiefly  col¬ 
lected  in  the  Foci  of  thefe  Points  ;*  therefore  if  thefe 
Foci  are  in  the  Surface  of  a  white  Plane ,  there  will  be  826 
upon  it  a  Reprefentation  of  the  lucid  Bodyy  as  in  the 
fecond  Experiment  of  Chap.  IX.  and  that  Repre¬ 
fentation  will  be  inverted ;  for  the  Line  which 
joins  the  radiant  Point  with  its  Focus,  goes  thro3 
the  Center  of  the  Sphere;*  in  which  therefore  *  8l(? 
all  fuch  Lines  interfed  one  another  ,*  and  this 
Interfedion  is  between  the  radiant  Point  and  the 
Focus/  in  which  the  Point  is  reprefented.  '818 

But  as  the  lucid  Body  is  brought  nearer  to  the  Mir - 
ror,  the  Appearance  recedes  farther /'  and  in  this  *  8:» 
Cafe  becomes  bigger. 


Experi- 
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I  . 

Experiment  4.]  Hold  a  lighted  Candle  between 
the  Mirror  and  the  Center  of  the  Sphere  of 
which  it  is  a  Portion ;  yet  fo  that  it  may  be 
more  diftant  from  the  Mirror  than  that  Center  s 
If  then  there  be  a  white  Plane  perpendicular  to 
the  Line  that  paffes  thro’  the  Candle  and  the 
Center  of  the  Mirror*  and  this  Plane  be  held 
beyond  the  Center,  you  will  have  upon  it  an  in¬ 
verted  Reprefentation  of  the  Candle ;  the  pro¬ 
per  Place  will  be  found  by  moving  the  Plane 
forwards  and  backwards  ;  as  likewife  by  this 
Proportion*  viz,,  as  the  Difference  of  the  Pi¬ 
ttances  of  the  Candle  from  the  Center  of  the 
Sphere  and  from  the  Mirror,  is  to  the  fourth 
part  of  the  Diameter  of  the  Sphere,  fo  is  the 
Pittance  of  the  Candle  from  the  Glafs,  to  the 
Pittance  requir’d.  As  the  Candle  is  brought 
nearer  to  the  Speculum,  the  Plane  mutt  be  mov’d 
farther  off,  and  the  Reprefentation  will  grow 


bigger. 

827  Plate  XIII.  Fig .  5.]  ObjeSls  placed  beyond  the 
Center ,  appear  between  the  Glafs  and  the  Center ,  for 

*  818  all  the  Points  appear  in  a  Curve  as  at  a  a  -*  the 

828  Images  of  the  ObjeBs  will  alfo  be  dimini  ft?  d  and  in - 
verted :  for  they  are  reduced  into  a  narrow  Space  * 
and  as  the  Point  A  moves  downwards,  its  R& 
prefentation  will  be  carried  upwards ;  for  the 
Line  a  a  keeps  the  fame  Situation  in  refpeft  of 
A  C  a  as  it  is  carried  round  the  Center  C. 

Experiment  5»  Plate  XIII.  Fig.  7.]  Leaft  the 
Reprefentation  of  the  Obje&s  fhou  d  be  lefs  vh 
vid,  the  Mirror  is  to  be  included  in  a  Box.  If 
you  have  a  Mirror,  whole  Surface  is  about  8 
Inches  wide,  and  which  is  a  Portion  of  a  Sphere 
of  one  Foot  and  a  half  in  Diameter ;  fhut  it  up 
in  a  Box  P,  in  whofe  Fore-Part  thefe  is  an  Hole 
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of  about  6  Inches  Diameter,  and  from  which 
the  Glafs  is  diftant  above  6  or  7  Inches;  and 
let  this  Opening  be  turn'd  from  the  Light.  Now 
if  any  Perfon,  as  A,  beholds  himfelf  at  the  Di- 
ftance  of  about  2  Foot  from  the  Glafs ;  his  Face 
will  appear  inverted  in  the  Box  towards  the 
Hole;  and  if  the  Beholder  comes  nearer,  he 
will  fee  a  Head  coming  out  of  the  Hole. 

The  Reprejentation  of  a  Point ,  placed  in  the  Center  829 
of  a  Sphere ,  coincides  with  the  radiant  Point  itfelf , 
and  is  as  it  were  fw  allowed  up  by  it*.  .  .  '"821 

lj  the  Eye  be  plac'd  in  that  Center ,  no  ObjeB  can  830 
be  feen  by  it ;  for  then  only  the  Rays  that  flow 
from  the  Eye  will  be  refleded  to  it  ’•  *  806 

lj  the  Object  be  between  the  Center  and  the  Point  831 
in  which  parallel  Rays  are  collected  after  Reflexion , 
the  ObjeB  will  alfo  appear  without  the  Glafs ,  at  a 
greater  Diflance  from  the  Glafs  than  the  ObjeB  it - 
felf  * •  the  Reprefentation  is  inverted ,  which  is  pro-  *  822 
ved  in  the  fame  manner  as  in  N°  8  28  ;  and 
magnified ,  becaufe  it  is  farther  remov’d  from  the 
Center,  than  the  Object  itfelf  is  diftant  from  it; 
for  the  Reprefentation  recedes  from  the  Center 
in  infinitum ,  whilft  the  Objed  goes  thro’  ,  the 
fourth  part  of  the  Diameter  of  the  Sphere.  0 
If  the  ObjeB  be  lefs  diftant  from  the  Mirror  than  83  i 
the  fourth  part  of  the  Diameter  of  the  Sphere ,  ac¬ 
cording  to  the  different  Situation  of  the  Eye,  the  Ob¬ 
jeB  appears  either  before  or  behind  the  Glafs*  ,  s 
Plate  XIII.  Fig.6.~]  If  the  Eye  be  fo  plac’d, 
that  thofe  Rays  may  come  to.it  which  form  the 


Curve  a  a,  as  towards/,  it  will  fee  the  Appear¬ 
ance  of  the  Objed  towards  the  Glafs/  magni-  *  824 
fled  ;  becaufe  the  Curves,  as  a  a ,  which  belong 
to  feveral  Points,  are  diverging.  -  .  v 

If  thofe  Rays  come  to  the  Eye  which  form  833 
the  Curve  a  a,  the  Objed  will  appear  without 
the  Glafs  And  in  both  Cafes  the  Reprefentation  is 

V  o  l.  II.  H  treB  i 


o  8  Mathematical  Elements  Book  III. 

ereEl •  for  as  the  Point  A  afcends  or  defcends, 
the  Carves  a  a  and  a  a,  in  which  it  is  repre- 
fented,  are  agitated  with  the  fame  Motion. 

834  If  the  Eye  be  in  the  Point,  in  which  the  re¬ 
flected  Rays  that  belong  to  each  Curve  interfed 
one  another,  as  in  O,  the  Appearance  of  the  ObjeB 
be  double. 

It  is  plain  in  every  Cafe  of  the  Appearance, 
that  the  Points  have  not  the  fame  Relation  to 
one  another,  as  the  Points  of  the  Objed  ;  and 

$35  therefore  that  a  concave  Mirror  never  reprefents  the 
ObjeB  exaftly :  But  the  molt  irregular  Reprefen- 
tation  of  all,  is  that  which  is  in  fuch  Lines  as 
a  a. 

83  6  There  are  alfo  cylindric  Mirrors  convex  and 
concave ;  thefe  in  one  refped  are  Plane,  and  in 
another  refped  fpherical  ;  and  therefore  the  Re- 
prefentation  of  the  Objed  is  very  irregular  ; 
which  Irregularity,  fince  it  depends  upon  a  re¬ 
gular  Figure,  may  be  fo  determin'd,  that  Pi- 
dures  may  be  drawn,  which  tho5  truly  irregular, 
will  in  fuch  a  Glafs  appear  regular  by  Refle- 
dion,  in  a  determinate  Situation  of  the  Eye. 


CHAR  XVI. 

Of  the  Magic  Eantern . 

THERE  are  fevera!  Machines  made  by 
the  Combination  of  Mirrors  and  Lenfes, 
which  aflord  ufeful  and  pleafant  Appearances  ; 
whole  Explanation  may  be  eafily  deduc'd  from 
what  has  been  faid. 

Among#  many  other  I  fhali  only  chufe  to 
explain  one,  in  which  Figures  that  are  painted 
upon  fmall  pieces  of  Glafs  are  reprefented  mon- 
flroufly  large  upon  a  white  Plane.  This  is  a 

Phxno- 
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Phenomenon  wonderful  enough  to  deferve  a 
particular  Explanation.  The  Inftrument  that 

orn?s  tllIS  's  call’d  a  Magic  Lantern,  which 
Uptic  Writers  have  not  altogether  pafs'd  bv 
but  yet  have  not  fufficiently  explain’d. 

Plate  X IV.  Fig.  1 .]  Let  there  be  a  wooden  8:7 
Box  about  a  Foot  and  an  half  long,  r4  Inches  high, 
and  as  wide ;  there  muit  be  a  concave  Mirror  S, 
ot  »  Inches  Diameter,  and  a  Portion  of  a  Sphere 
of  18  Inches:  This  Mirror  is  fix’d  to  a  Foot 

theBox10VeS  UPOn  RulerS  al°n§  the  LenSth  of 

There  is  alfo  in  this  Box  a  Lamp  L,  fuftain’d 
by  a  wooden  Foot  which  is  moveable  long-wife 
between  two  Rulers  in  the  Sides  of  the  Box' 

The  Pipe  of  the  Lamp  hands  forward  in  fuch 
manner,  that  the  Center  of  the  Flame  is  over- 
againft  the  Center  of  the  Surface  of  the  Mir- 
ror ;  this  Flame  is  made  up  of  four  little  Flames 
which  by  touching  one  another,  make  one  fquare’ 

Flame,  above  two  Inches  wide. 

.  In  the  ToP>  or  upper  Plane  of  the  Box,  there 
is  an  oblong  Hole,  which  has  a  Cover  that  hides 
in  two  Grooves,  or  between  two  Rulers  or 
Ledges  :  Thro’  this  Cover  pafles  the  Chimney 
C,  w.nch  (as  you  fee  in  the  third  Figure  )  hands 
up  about  one  half  Foot  above  the  Box.  The 
Chimney  is  moveable  with  the  Cover,  whilh 
the  Opening  remains  fhut;  that  the  Chimney 
may  be  always  over  the  Lamp. 

.  In  one  of  the  little  Sides  of  the  Box  which 
is  overagainh  the  Mirror  there  muh  be  a  round 
Hole  about  5  Inches  wide ;  which  muft  have  in 
it  a  Convex  Lens  of  Glafs  of  the  fame  Bignefs 
V,  convex  on  both  fides,  which  are  Portions  of 
a  Sphere  of  one  Foot  Diameter :  The  Axis  of 
this  Glafs  being  continued  to  the  Surface  of  the 
Mirror,  will  be  perpendicular  to  it,  and  fall 
V  o  L.  II.  H  2  upon 
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upon  its  Center,  as  likewife  to  the  Plane  of  the 
Flame,  thro5  whofe  middle  Point  it  alfo  pades. 

This  Hole  is  fhut  and  open'd  by  a  Plane 
moveable  in  a  Groove,  which  is  mov’d  by  a 
Cylinder  that  Hands  out  of  the  Box  at  E. 

To  this  Hole  without  the  Box  anfwers  the 
Tube  T,  whofe  Length  and  Diameter  is  of  a- 
bout  6  Inches,  at  the  End  of  which  there  is  a 
Ring,  in  which  a  fecond  Tube  t  moves,  of  about 
4  Inches  Diameter,  and  5  or  6  Inches  iong. 

In  this  leffer  Tube  there  are  two  Lenfes  ;  the 
firft  in  that  end  which  is  thruft  into  the  Tube 
T,  and  it  is  of  the  fame  Convexity  as  the  Glafs 
V,  and  three  Inches  and  a  half  Diameter.  The 
fecond  Lens  is  three  Inches  from  the  firft,  and 
flatter,  being  terminated  by  Portions  of  a  Sphere 
of  four  Foot  Diameter.  Between  thele  Lenfes, 
at  the  Diftance  of  about  one  Inch  from  the  fe¬ 
cond,  there  is  plac’d  a  wooden  circular  Stop,  or 
Aperture,  which  fhuts  up  all  the  Tube,  except 
an  Hole  of  an  Inch  and  a  quarter  Diameter  in 
the  middle  of  the  Wood. 

The  Obje&s  that  are  to  be  reprefented,  are 
to  be  painted  upon  a  flat  thin  piece  of  Giafs, 
which  muft  be  mov'd  without  the  Box  over- 
againft  the  Glafs  V,  between  it  and  the  Tube 
T,  the  Pi&ure  being  in  an  inverted  Pofition.  If 
thefe  Pictures  are  round  they  may  be  of  5  Inches 
Diameter :  That  they  may  be  moved  ealily, 
they  are  put  into  flat  Boards,  three  in  one  Board. 
The  Pidures  alfo  may  be  painted  upon  long 
Glaffes,  which  may  be  fuccellively  made  to  Aide 
before  the  Glafs  V. 

Plate  IV.  Fig.  3.]  This  whole  Box  Hands 
upon  a  Frame  or  Foot,  made  fo  that  it  may  be 
fix*d  at  different  Heights.  There  are  flat  pieces 
of  Wood  fixfd  to  the  Box,  at  Bottom,  which  Hide 
in  Grooves  in  the  Frame  •  each  of  them  has  a 
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Slit  in  it;  fo  that  the  Box  may  be  made  fail  at 
at  any  defir  d  Height  by  the  help  of  Screws 
join’d  to  the  Frame,  and  moveable  in  the  Slits. 

The  whole  Machine  is  plac'd  at  the  Diftance 
of  15,  20,  or  30  Feet  from  a  white  Plane, 
which  Distance  muff  be  different  according  to 
the  Bignefs  of  the  Plane  ;  for  this  Diftance  may 
be  equal  to  the  length  of  the  Plane  :  The 
box  muft  be  juft  at  fuch  an  Height  that  the 
Tubes,  in  the  fide  of  the  Box,  may  be  exa&ly 
polite  to  the  middle  of  the  Plane. 

The  Lamp  being  lighted,  the  Box  muft  be 
fhat,  and  the  Figures  which  are  painted  upon 
the  Glafs  will  be  reprefented  upon  a  white  Plane. 
By  moving  backwards  and  forwards  the  Tube 
that  has  the  two  Lenfes  in  it,  you  will  find  the 
proper  Pofition  of  the  Glaftes  requir'd  to  give 
a  diftind  Reprefentation.  As  for  the  Difpofi- 
tion  of  the  feveral  Parts  of  the  Machine  which 
immediately  ferve  for  exhibiting  this  Appear¬ 
ance,  we  fhail  here  more  particularly  explain. 

Plate  XIV.  Fig.  2.]  The  Parts  in  this  Figure 
are  (hewn  feparately  ;  S  S  is  the  Mirror,  1 1  the 
Flame  which  confifts  of  four  Flames  in  the  Line 


// ;  V  V  is  the  Glafs  V  of  the  firfl:  Figure  ; 
OO  is  a  Pi&ure  painted  upon  a  fiat  thin  piece 
of  Glafs  ;  a  a  the  biggeft  Lens  ;  d  d  the  flatted 
Lens ;  b  h  the  wooden  Stop  between  the  Lenfes  ; 
f  the  Aperture  or  Hole  in  the  middle  of  the 
wooden  Circle. 

Thefe  Things  being  difpos'd  as  has  been  al¬ 
ready  explain'd,  and  as  may  be  feen  in  the  Fi¬ 
gure,  the  Rays  which  proceed  from  a  Point  of 


the  Picture  O  O,  by  going  thro’  the  Lens  a  a , 
I  become  lefs  diverging,  and  fall  upon  the  Lens 
d  d,  as  if  they  came  from  a  Point  more  remote  *; 
from  this  Lens  they  go  out  more  converging*, 
and  are  colle&ed  upon  the  Surface  of  the  white 
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Plane,  where  they  exhibit  the  Point  of  the  Pi- 
711  &ure  that  is  painted  on  the  Glafs  *.  This  Pi¬ 
cture  is  illuminated  both  by  the  Rays  that  pro¬ 
ceed  from  the  Flame  1 /,  and  by  the  Rays  re¬ 
flected  by  the  Mirror  S  S, 

39  For  the  Perfe&ion  of  this  Machine  it  is  re- 
quird,  jft,  That  the  Figure  O  O  be  enlight¬ 
en’d  as  much  as  poflible ;  2 dly.  That  it  be  e- 
qually  enlighten’d  in  all  its  Points;  $dly.  That 
all  the  Light  by  which  every  Point  of  the  Picture 
is  enlighten’d,  go  thro’  the  Lenfes  a  a  and  dd 
to  the  white  Plane,  and  ferve  to  make  the  Re¬ 
prefentation  ,*  4 thly%  That  no  other  Light  but 
that  go  out  of  the  Box,  left  the  Reprefentation 
fhou’d  be  lefs  lively,  by  reafon  of  extraneous 
Light. 

The  flrft  Requifite  depends  upon  the  bignefs 
of  the  Flame  and  of  the  Mirror,  and  of  its 
Concavity ;  the  more  concave  it  is,  the  nearer 
it  is  to  be  brought  to  the  Flame,  and  then  the 
more  Rays  will  be  intercepted  and  refle&ed  ; 
yet  Care  mud  be  taken  that  the  Mirror  (  which 
may  be  made  of  very  good  Glafs)  be  not  too 
much  heated. 

When  the  Flame  and  Mirror  are  fo  contriv’d, 
that  the  Pidure  is  the  moil  enlighten’d  that  it 
can  poflibly  be,  and  every  where  equally  en¬ 
lighten’d,  the  Flame  and  Mirror  muft  be  fo 
plac’d,  that  the  inverted  Image  of  the  Flame 
826  &all  f&d  juft  upon  the  Pi£ture  *.  Now  as  the  | 
Reprefentation  of  the  Flame  can  be  encreas’d  I 
826  and  dimin ifli’d  the  Mirror  and  Flame  muft  i 
be  fo  difpos’d,  that  the  Reprefentation  of  the  ; 
Flame  fhali  cover  the  whole  Picture  upon  the  5 
Giafs,  but  fo  as  not  to  exceed  it :  For  then  the 
Picture  is  as  much  enlighten’d  by  the  reflected 
Light  as  it  can  be,  and  all  its  Points  are  equally 
illuminated;  the  dire d  Light  alfo  does  pretty 

near 
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near  equally  fall  upon  all  the  Points  of  the  Pi¬ 
cture  ;  this  Light  wou’d  indeed  be  encreas'd  by 
bringing  the  Flame  nearer ;  but  the  refleded 
Light  wou’d  be  diminifh’d,  and  the  Diminution 
of  this  laft  wou’d  be  greater  than  the  Encreafe 
of  the  other. 

The  Glafs  V  V  ferves  to  inflect  the  Light, 
by  which  the  Pidure  O  O  is  illuminated,  be¬ 
fore  it  comes  to  the  Pidure  ;  by  which  Inflexion 
all  the  Light  comes  to  the  Lens  a  a,  and  ferves 
for  the  Reprefentation  on  the  white  Plane. 

All  the  Light  that  is  of  Ufe  for  this  Repre¬ 
fentation,  goes  thro’  the  Hole  f;  and  the  Rays 
coming  from  different  Points,  mterfed  one  an¬ 
other  there ;  wherefore  the  Pidure  upon  the 
Glafs  which  is  placed  inverted,  is  reprefented 
ered  upon  the  white  Plane  ;  by  the  Ring  bb  all 
the  Rays  which  do  not  ferve  to  form  the  Repre¬ 
fentation,  are  intercepted,  left  they  fhou’d  enter 
the  Room,  and  make  the  Pidure  lefs  diftind. 
This  Ring  or  Aperture  alfo  intercepts  thofe  Rays 
by  which  one  Point  is  more  enlighten’d  than 
another,  whereby  the  Light,  which  (  from  what 
has  been  faid  )  is  equally  enough  diffus’d,  is  yet 
made  more  equal.  But  unlefs  the  Stop  or  A- 
perture  bb  be  juft  where  the  Rays  interfed,  it 
does  a  great  deal  of  Mifchief. 
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Of  Opacity  and  Colours. 


CHAP.  XVII. 

Of  the  Opacity  of  Bodies . 

Definition, 

ODIES  that  tranfmit  the  Light  aye 
• call’d  Tranfparent.  Such  are  all  Me¬ 
diums  *,  except  a  Vacuum. 

\ There  is  no  Body  • whofe  fmaUefl  Parts 
are  not  tranfparent :  No  one  who  is 
hfed  to  Microfcopes  will  doubt  of  this.  There 
are  fome  Parts  of  Metals,  which  though  very 
fmall,  do  not  tranfmit  the  Light :  But  if  they 
be  diffolv’d  in  Menftruums ;  that  is,  if  they  be 
divided  into  much  lefs  Parts,  they  become  tran¬ 
fparent.  One  may  alfo  prove  by  a  very  eafy 
Experiment,  that  Light  can  go  thro3  fever  a! 
opaque  Bodies, 
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Experiment  i.]  In  a  dark  Room,  in  which 
the  Sun’s  Light  comes  in  thro’  an  Hole,  let  that 
Hole  be  cover’d  with  a  thin  Plate  of  an  opaque 
Body,  and  the  Light  will  go  thro’  it ;  a  piece 
of  Wood  of  the  Thicknefs  of  the  tenth  part  qf 
an  Inch,  does  not  intercept  all  the  Light.  But 
the  perfect  Tranfparency  of  Parts  in  opaque  Bo¬ 
dies  is  not  prov’d  by  this  Experiment,  tor  that 
Tranfparency  is  only  in  very  fmall  Parts. 

Opacity  does  not  (as  is  commonly  imagin’d)  842 
happen  in  Bodies ,  becaufe  the  IVay  thro ’  which  the 
Light  might  pafs ,  is  flopp’d  by  Particles  of  Matter  ; 
tor  Light  paffes  thro’  all  the  fmalleft  Parts  of 
Bodies  ;  neither  is  fuch  an  Interception  of  Light 
of  any  Ufe  to  caufe  Opacity  :  It  is  requir’d  for 
Opacity  that  the  Light  fhou’d  be  refle&ed  and 
defle&ed  from  a  right  Line,  for  which  there  is 
only  requir’d  the  Separation  of  two  Medi-*^ 
urns  *.  %  796 

Let  us  conceive  a  Body  confiding  of  very 
fmall  Parts  perfectly  tranfparent  (  fuch  as  are  the 
Particles  of  which  Bodies  confid*)  and  fepa-  *  841 
rated  from  one  another  by  Pores ;  and  that  thofe 
Interdices  are  either  void,  or  fill’d  with  a  Me¬ 
dium  whofe  Denfity  is  different  from  that  of  the 
Particles;  if  Light  enters  fuch  a  Body,  it  will 
every  Moment  fall  upon  a  Surface  dividing  Me¬ 
diums  differing  in  Denfity  ;  therefore  it  will  un¬ 
dergo  innumerable  Reflexions  and  Refra&ions 
in  that  Body  *,  fo  as  not  to  be  able  to  get  thro'*  ^ r, 
it.  Therefore  we  fee  that  Opacity  depends  upon 
the  Pores  ;  for  if  you  fill  the  Pores  with  a  Medium  843 
of  the  fame  Denfity  as  the  Particles  of  the  Bodies 
tbemfelves ,  the  Light  will  undergo  no  Reflexion 
or  Refra&ion  in  the  Body,  but  pafs  directly 
thro’  * ;  and  the  Body  will  be  tranfparent .  *  S4r 
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Tho’  we  cannot  make  Experiments  whereby 
to  fill  the  Pores  of  a  Body  with  a  Medium  ex¬ 
actly  of  the  fame  Denfity  as  the  Particles,  yet 
the  following  Experiments  will  clearly  enough 
prove  Sir  lfaac  Newtons  Bodrine  concerning 
Opacity. 

Experiment  2.]  Paper  becomes  more  tranfpa- 
rent  when  moiftenM  with  Water ,*  for  it  fills  the 
Pores,  and  differs  lefs  in  Denfity  from  the  Par¬ 
ticles  than  Air  does.  Oil  has  the  fame  Ef- 
fed. 

Experiment  3.]  Take  a  piece  of  Glafs  two 
Inches  thick ;  and  take  feveral  Plates  of  the 
fame  fort  of  Glafs  laid  upon  one  another,  yet 
fo  as  not  to  be  quite  two  Inches  thick  ;  and 
you  will  find  that  thefe  will  be  lefs  tranfparent 
than  the  folid  piece,  becaufe  of  the  Air  between 
the  Plates,  which  does  not  get  into  the  folid 
Piece  where  all  the  Parts  cohere. 

Experiment  4  ]  Take  twelve  Plates  of  the 
fame  Glafs,  as  near  as  may  be  of  the  fame 
Thicknefs;  let  fix  and  fix  of  them  be  laid  toge¬ 
ther  ;  if  you  take  the  lead  tranfparent  of  thofe 
two  Parcels,  and  having  dipp’d  it  in  Water, 
take  it  out  again,  it  will  become  more  tranfparent 
than  the  other ;  becaufe  the  Water,  which  in 
that  Cafe  fills  the  Interdices  between  the  Planes, 
differs  lefs  in  Denfity  from  the  Glafs  than  Air 
does. 

What  has  been  faid  of  Opacity  is  farther  con¬ 
firmed,  and  put  out  of  all  doubt  by  innumerable 
844  Experiments,  by  which  Bodies  perfeEily  tranfparent 
become  opaque ,  by  the  Separation  of  their  Partsy 
without  the  Intervention  of  any  opaque  Body. 
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Experiment  5.]  Let  any  perfectly  tranfparent 
Liquid,  that  may  be  chang’d  into  Froth,  be 
fhak’d,  till  it  be  full  of  Bubbles  ;  it  will  imme¬ 
diately  become  opaque,  by  reafon  of  the  Inter¬ 
files  that  are  fill'd  with  Air. 

Experiment  6. ]  Turpentine  and  Water  are 
tranfparent  Bodies,  but  when  mixJd,  they  be¬ 
come  opaque. 

Experiment  7.]  Water  and  Oil  by  being  mix'd 
together  become  opaque,  tho’  fingly  they  are 
tranfparent. 

Experiment  8.]  Tho’  Glafs  be  tranfparent, 
yet  if  it  be  reduc’d  to  Powder  it  becomes 
opaque  ;  as  it  alfo  does  when  crack’d. 

We  clearly  fee  in  all  thefe  Cafes  that  Opacity 
is  produc’d,  becaufe  there  is  a  Medium  of  diffe¬ 
rent  Denfity  between  the  tranfparent  Parts  ; 
which  may  alfo  be  obferv’d  in  the  Clouds,  which 
are  opaque  on  account  of  the  Air  interpos’d  be¬ 
tween  the  Particles  of  the  Water. 

If  we  add  to  this,  what  is  faid  in  the  2  id 
Chapter  following,  concerning  the  Colours  of 
thin  Plates,  we  (hall  have  new  Experiments,  by 
which  alone  it  is  fully  prov’d  that  Bodies  inter¬ 
cept  the  Light,  becaufe  they  confift  of  very 
thin  Particles,  encompafs'd  with  a  Medium  dif¬ 
fering  from  them  in  Denfity. 

Some  opaque  Bodies  refleft  a  little  Light, 
and  the  reft  of  the  Light,  by  innumerable  Di- 
vifions  which  it  undergoes  in  the  Reflexions  and 
Refractions  above-mention’d,  is  extinguifli’d  in 
the  Body  ;  fuch  are  black  Bodies  ;  if  there  were 
any  Bodies  perjeftly  black ,  they  woud  reflecl  no 
Light-,  for  all  Bodies,  when  no  Light  fall  upon 

them, 
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them,  and  therefore  they  refled  no  Rays,  ap¬ 
pear  black. 

Other  opaque  Bodies  appear  to  have  various 
Colours ;  fome  tranfparent  Bodies  are  alfo  ting’d 
Colours ;  And  whence  thofe  arife  we  are  now 
to  examine. 


CHAP.  XVIII. 

Concerning  the  different  Refrangibility  of 

the  Suns  Rajs . 

15  O  B  I  E  S  appear  differently  colour’d,  tho’ 
J  tney  be  enlighten’d  by  the  fame  Rays  of 
the  Sun  which  are  refle&ed  by  them.  Befkiei 
thefe  there  are  feveral  Phaenomena  of  Light, 
relating  to  Colours,  not  to  be  overlook’d. 

$46  In  thefe  we  are  to  obferve  three  Things. 

1 ft.  The  Rays  are  to  be  examin  d.  idly.  Their. 
Reflexion  is  to  be  obferv’d.  ^dly,  We  are  to  en¬ 
quire  into  the  Conftitution  of  the  Surfaces  of  Bo¬ 
dies  differently  colour’d. 

847  As  to  the  Rays,  the  firfl  Property  to  be  ta¬ 
ken  Notice  of  here,  is,  that  in  the  fame  Civ - 
cumftances  all  forts  of  Rays  do  not  undergo  the  fame 

RefraBion. 

Definition  I. 

$48  j the  Rays  •which  undergo  this  different  RefraBion  9 

are  faid  to  have  a  different  Refrangibility,  and 
thofe  are  faid  to  he  moft  refrangible,  which  are  mofl 

infleBed  by  RefraBion.  - 

Definition  IL 

$49  Thofe  Rays  are  faid  to  he  Homogeneous,  which 
do  not  differ  front  one  another  in  Refrangibility . 

De  FI- 
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Definition  III. 

And  thofe  are  call'd  Heterogeneous,  •which ,  un-  850 
der  the  fame  Circumftances,  are  not  equally  infletted 
by  RefraElion. 

Plate  XV.  Fig.  1.]  Between  AB  and  CD 
let  there  be  a  Sun  Beam  made  up  of  an  innume¬ 
rable  Quantity  of  parallel  Rays  ;  thefe  are  not 
equally  refracted;  for  if  they  fall  obliquely  on 
the  Surface  B  D  of  the  denfer  Medium,  lome 
of  them  are  refra&ed  between  BE  and  DG, 
and  are  mov’d  according  to  that  Dire&ion  iii 
the  denfer  Medium ;  others  are  more  inflated , 
and  dired  their  Motion  between  BF  and  DH 
according  to  the  Direction  of  thofe  Lines ;  and 
indeed  no  Dire&ion  can  be  conceiv'd  between 
the  Mediums  along  which  the  Rays  do  not  move 
in  every  Point  between  B  and  D  :  So  that  the  leafl 
Beam  whatever  is,  by  Refraction,  divided  into  an 
innumerable  Quantity  of  Rays ;  becaufe  every 
Sun-Beam,  however  (mall,  is  heterogenous,  and 
coniiits  of  an  innumerable  Quantity  of  Rays  re¬ 
frangible  in  all  Degrees  of  Refrangibility. 

The  above-mention’d  parallel  Rays  falling  8;i 
upon  a  plane  Surface,  by  Refra&ion  are  mov'd 
between  BE  and  DHj  which  Lines  diverge 
from  each  other,  and  being  continued,  are  more 
and  more  feparated  ;  fo  that  the  Rays  above- 
mention’d  are  difpers’d  by  Refra&ion.  In  N° 

653.  ive  have  conjider’d  the  R.ays  cm  homogeneaf  as 
alfo  every  where  in  the  foregoing  Part ;  the  Dif¬ 
ference  of  Refrangibility  is  fmall  enough  in  the 
Rays  of  the  Sun,  not  to  have  been  worth  ob- 
ferving  in  the  foregoing  Propofitions.  Bcfides, 
we  were  firft  to  examine  what  happens  in  ho- 
mogeneal  Rays ;  and  what  mull  be  chang’d  in 
the  Proportions,  upon  account  of  the  different 
Refrangibility,  will  eafily  appear. 
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852  That  this  Refrangibility  of  the  Rays  may  be 
made  vifible,  the  above-mentioned  Divergence 
muft  be  ericreas’d;  which  will  be  perform’d,  if 
the  Rays  above-mentioned  fall  upon  the  Surface  v 
E  H,  which  terminates  a  denfer  Medium,  and 
feparates  it  from  the  rarer  Medium,  and  which 
makes  any  Angle  with  the  Surface  BD,  and  is 
fo  inclin’d  to  it,  that  the  Rays  which  are  more  re¬ 
frangible,  fall  more  obliquely  upon  it  than  thofe 
that  are  lefs  refrangible  •  fo  that  the  former  going 
into  a  rarer  Medium  are  more  turn'd  out  of  the 
way,  and  diverge  more  from  the  others  upon  a 
double  account,  chat  is,  both  upon  the  account 
of  a  greater  Refrangibility  and  of  a  greater  In¬ 
clination.  The  Rays  between  BE  and  DG, 
which  are  the  leaft  refrangible,  being  refra&ed 
a  fecond  time,  continue  their  Motion  between 
El  and  GL,  others  between  FM  and  HN: 

In  which  Cafe,  if  thefe  Rays  fall  upon  a 
Plane  at  the  Dil lance  of  15  or  20  Foot,  thofe 
that  are  mo  ft  refrangible  will  be  feparated 
from  thofe  that  are  lead:  refrangible,  and  the 
whole  intermediate  Space  is  enlighten’d  with 
Rays  endow’d  with  a  mean  Refrangibility.  j 

Experiment  1.  Plate  XV.  Fig.  2.]  Let  there  be 
an  Hole  in  the  Plate  of  Metal  in  the  Window- 
lliut,  of  about  a  quarter  of  an  Inch,  thro’  which 
a  Sun-Beam  enters  the  darken’d  Room :  Let 
this  Beam  fall  upon  a  triangular  Prifm  of  Glafs 
A  A,  in  fuch  manner,  that  it  may  be  wholly  re¬ 
flected  by  the  lower  Surface  ( fee  the  Exper.  of 
N°  789.)  By  the  two  Refra&ions  which  the 
Light  undergoes,  Rays  that  are  differently  re¬ 
frangible  do  not  diverge,  and  being  reflected, 
come  upon  a  fecond  Prifm  BB,  which  is  like- 
wife  of  Glafs,  and  triangular,  in  the  fame  man¬ 
ner  as  if  they  had  come  diredtly  from  the  Sun. 

Thefe 
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Thefe  two  Prifms  are  moveable  about  their 
Axes,  as  was  before  explain'd  * ;  the  firft  A  A 
is  laid  upon  a  piece  of  Wood  fatten'd  to  it,  yet 
fo  as  not  to  hinder  it  from  turning  about  its 
Axis  ;  this  piece  of  Wood  is  fatten'd  to  a  Three- 
leggd  Staff  with  a  Ball  and  Socket,  fuch  as  is 
us'd  in  practical  Geometry.  The  fecond  Prifm 
B  B  is  laid  on  a  Frame  or  Stand  S,  in  whofe  op- 
polite  Sides  there  are  feveral  Sliis  that  anfwer 
one  another ;  by  thefe  the  Prifm  is  fuftain  d  at 
different  Heights,  but  always  horizontally,  the 
End  of  the  Axis  being  plac'd  in  correfpondent 
Slits. 

The  Light  that  comes  to  the  Prifm  B  B 
moves  perpendicular  to  its  Axis,  and  paffes  thro', 
as  is  demonttrated  in  Fig.  r.  in  which  BD  and 
E  H  reprefent  the  Sides  of  the  Prifm  •  the  Light 
is  alfo  equally  inclin’d  to  each  Side;  which  will 
happen  by  moving  the  Prifm  about  its  Axis;  for 
the  Light  of  the  Sun  (as  you  move  the  Prifm) 
will  attend,  and  then  dettend  again ;  and  the 
Situation  requir’d  is  that  in  which  the  Light  is 
higheft  of  all  :  Now  both  the  Prifms  are  to  be 
fo  difpos’d,  that  in  this  Cafe  the  Light  may  go 
horizontally  out  of  the  Prifm  B  B.  This  hori¬ 
zontal  Beam,  at  the  Dittance  of  15  or  20  Foot, 
m.*ft  fall  upon  the  Board  T  which  is  cover’d 
with  white  Paper,  and  has  fuch  a  Foot,  that 
upon  it,  it  may  be  rais  d  and  fix’d  at  different 
Heights.  The  Rays  come  diverging  to  the 
Paper,  and  upon  it  form  the  Oblong  Image 
RV,  terminated  at  the  Sides  by  parallel  Lines, 
but  femicircular  at  R  and  V. 

If  the  Rays  of  the  Sun  that  go  thro’  the 
round  Hole  fall  upon  a  Plane  at  a  certain  Di¬ 
fiance,  they  will  form  a  bright  round  Spot,  fo 
m  ich  the  greater,  as  the  Plane  is  more  diftant 
from  the  Hole;  which  arifes  from  the  Rays  that 

come 
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come  from  the  Sides  of  the  Sun,  which  making 
an  Angle  with  thofe  that  come  from  its  Cen¬ 
ter  to  the  Hole;  and  interfering  them  in  the 
Hole,  gives  the  Image  of  the  Sun  upon  the 
Plane. 

If  the  Rays  did  not  go  thro*  the  Prifm  B  B, 
and  fall  upon  a  Plane  at  the  Diftance  of  the 
Board  T,  the  Image  of  the  Sun  wou’d  have  its 
Diameter  equal  to  the  Breadth  of  the  Image 
V  R ;  which  Breadth  is  not  altered  by  the  Re¬ 
fraction;  becaufe  the  Rays  enter  the  Prifm  per¬ 
pendicular  to  its  Axis,  and  in  refpeCt  of  the 
Breadth  of  the  Image,  are  not  inclin’d  to  it.  But 
as  in  another  refpeCt  the  Image  of  the  Sun  is 
oblong ,  it  follows  plainly  from  thence,  that  all 
the  Rays  have  not  undergone  the  fame  Re¬ 
fraction  •  for  homogeneous  Rays,  tho’  refracted; 
will  give  a  round  Image  of  the  Sun .  The  leaft  re¬ 
frangible  Rays  go  to  R,  and  the  moft  refrangi¬ 
ble  to  V ;  and  the  whole  Image  R  V  is  termi¬ 
nated  with  Semicircles  at  R  and  V,  becaufe  the 
whole  Image  conjifls  of  Circular  Images.  Now  be¬ 
tween  R  and  V  there  are  innumerable  Quan¬ 
tities  of  circular  Images,  made  by  Rays  of  all 
poflible  Refrangibilities ;  otherwife  the  Image 
RV  wou’d  not  be  terminated  with  rectilinear 
Sides. 

In  moft  Experiments,  we  have  faid  that  the 
Light  is  let  into  the  darkened  Room  thro’  a  Slit 
or  an  Hole,  which  we  leave  to  the  Contrivance 
of  the  Workman ;  our  Method  was  the  fol¬ 
lowing.  .  >  v  ■. .  .  * 

Plate  XV.  Fig.  3.]  We  made  ati  Hole  4  Inches 
fquare  in  the  Window-fhut,  which  on  three  Sides 
had  Ledges  of  Wood  A  B,  B  C,  C  D,  fo  rabbet- 
ted,  as  to  make  Grooves  to  keep  in  the  fquare 
flat  pieCe  of  Wood  QL,  which  is  fix  Inches  long, 
ahd  fix  Inches  wide.  It  may  be  drawn  out, 
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and  feveral  Sorts  of  them  ferve  for  feveral  Expe¬ 
riments.  That  which  we  ufe  in  the  following 
Experiment  has  a  Hollow  and  a  Hole  in  the 
middle  behind  to  contain  a  convex  Lens,  which 
is  the  Obje&  Glafs  of  a  Telefcope  of  16  or  20 
Foot;  the  round  Hole  in  the  middle  mark'd  / 
is  above  half  an  Inch  in  Diameter,  thro'  which 
the  Rays  of  the  Sun  palling  thro'  the  Glafs,  en¬ 
ter  the  Room.  In  the  Fore-part  alfo  the  Board 
C  is  hollow'd,  but  not  in  the  middle;  this 
Hollow  contains  the  brafs  round  Plate  L,  which 
towards  its  Circumference  has  an  Hole  at  /, 
which  Hole  is  equal  to  the  Hole  in  the  Board 
itfelf,  and  agrees  with  it.  Together  with  L 
there  is  another  concentric  Plate,  which  is  lefs, 
and  moveable  about  the  Center ;  this  Plate  has 
feveral  unequal  Holes,  which  fucceffively  comes 
to  f  as  the  Plate  is  turn'd  round  ;  fo  that  you 
may  at  Pleafure  let  the  Light  enter  a  dark 
Place  thro'  a  bigger  or  a  lefter  Hole ;  which 
in  many  Experiments,  that  are  made  with¬ 
out  the  Lens  above-mention'd,  is  of  good  Ufe. 
The  Pin  m  join'd  with  the  Plate  ferves  to  turn 
it  by. 

Experiment  2.]  Let  in  a  Sun-Beam  thro'  the 
Lens  above-mention'd,  thro'  an  Hole  a  quarter 
of  an  Inch  wide,  into  the  darken'd  Room;  by 
the  Rays  thus  let  in,  at  the  Diftance  where  pa¬ 
rallel  Rays  are  colleded,  the  Sun  is  very  exa&ly 
reprefented,  and  its  Image  terminated  with  ex¬ 
actly  defcrib'd  Bounds.  For  the  Rays  that  come 
from  the  feveral  Points  of  the  Sun,  which  by 
reafon  of  its  immenfe  Diftance,  may  be  look'd 
1  upon  as  parallel,  are  colle&ed  in  one  Point  at 
that  Diftance. 

Plate  XV.  Fig.  2.]  Now  if  with  thefe  Rays 
you  make  the  Experiment  above-mention'd,  the 
Vo  L;  IL  I  feveral 
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feveral  Images  made  by  the  homogeneal  Rays, 
fuppofing  the  Board  at  a  juft  Diftance,  are  ex¬ 
actly  terminated  •  and  therefore  the  Oblong  X- 
mage  R  V,  which  is  made  of  all  thefe  Images, 
is  likewife  regularly  terminated. 

This  Experiment  will  fucceed  in  the  fame 
manner,  if  the  Rays  pafs  thro"  a  Prifm  made  of 
any  Body  which  is  denfer  than  Air. 

Experiment  3.  Plate  XV.  Fig.  2.]  Let  a  tri¬ 
angular  Prifm  be  made  of  Wood  and  two  glafs 
Planes,  and  fill'd  with  Water;  fuch  as  is  re- 
prefented  at  B  B  ( Plate  XVII.  Fig.  3. )  If 
you  make  ufe  of  this  Machine  inftead  of  the 
Prifm  BB  in  this  Fig.  the  Experiment  will  fuc¬ 
ceed  in  the  fame  manner ;  and  in  pafling  thro* 
Water,  heterogeneous  Rays  in  the  fame  manner 
are  feparated  by  Refra&ions. 

Experiment  4.]  If  any  Perfon  ftanding  15  or 
20  Foot  off  iooks  at  the  Hole  thro'  which  the 
Light  is  let  in,  it  will  appear  round ;  but  if  before 
his  Eyes  he  holds  a  triangular  glafs  Prifm,  or 
the  watery  one  mention'd  in  the  laft  Experiment, 
fo  that  the  Rays  coming  from  the  Hole  ( after 
fuch  Refra&ions  as  the  Light  fuffers  in  the  fore¬ 
going  Experiment)  reach  the  Eyes,  the  Hole 
will  appear  oblong.  The  Situation  of  the  Prifm 
will  be  found,  if  holding  it  horizontally  with 
one  Edge  (  or  the  refra&ing  Angle  )  upwards,  it 
be  a  little  mov'd  about  its  Axis,  fo  as  to  make 
the  Image  of  the  Hole  to  afcend  and  defcend  ; 
and  the  Prifm  be  held  faft  in  that  Pofition  in  ! 
which  the  Hole  appears  moft  deprefs'd. 

This  Experiment,  as  well  as  the  foregoing 
ones,  proves  the  different  Refrangibility  of  the  1 
Rays ;  for  by  the  homogeneal  Rays  of  each  ii 
RefracSHon,  the  Hole  appears  in  the  imaginary  n 
Foci  of  the  Rays  coming  from  the  feveral  Points  ij 
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of  the  Hole  *,  which  Image  is  round  •  the  Rays  ♦  737 
which  undergo  a  different  Refraction,  enter  the 
Eyes  in  different  Directions  •  and  you  have  feve- 
ral  Images,  all  which  form  the  oblong  Image, 
which  is  really  feen. 

But  that  this  different  Refrangibility  does  not  de-  855 
pend  upon  the  refratling  Medium ,  but  the  different 
Conflitution  of  the  Rays  themfelves  is  prov’d,  becaufe 
thofe  Rays  which  in  one  Cafe  undergo  the  great- 
eft  RefraCtion,  are  in  any  Refra&ion  turn’d  out 
of  the  Way  more  than  any. 

Experiment  5.  P/ate'KV.  Fig.  4.]  All  Things  be¬ 
ing  difpos’d  as  in  the  firft  Experiment  at  any  Di- 
ftance  from  the  Prifm  BB  ;  let  the  oblong  I- 
mage  of  the  Sun  fall  upon  the  Vertical  Prifm 
CC,  which  is  alfo  moveable  about  its  Axis;  as 
the  Rays  go  thro’  it,  let  it  be  turn’d  about  its 
Axis,  and  left  fix'd  where  the  Rays  are  leaft  of 
all  turn’d  out  of  the  Way  by  Refra&ion  thro’ 
the  Prifm :  In  that  Cafe  the  Rays  are  refra&ed 
in  the  fame  manner  thro’  this  Prifm  as  thro’  the 
firft,  but  they  are  not  difpos’d  the  fame  way, 
for  that  wou’d  form  a  fquare  Image.  But  here 
the  Image  keeping  the  fame  Breadth  is  inclin’d 
at  RV,  the  Rays  at  V  being  moftly  turn’d  out 
of  the  Way,  as  in  the  Refra&ion  thro’  the  firft 
Prifm  BB. 

The  Demon (Iration,  before  given  *,  of  the  con -  856 
flant  and  fettled  Ratio  between  the  Sines  of  the  An -  *^39 
gles  of  Incidence  and  Reflation ,  may  be  referred  to 
any  homogeneous  Rays ;  but  confidering  the  diffe¬ 
rent  Retrangibility  of  the  Rays,  this  Proportion 
varies,  as  it  follows  from  the  Experiments  of 
this  Chapter. 

But  the  Refrangibility  in  all  the  different  Sorts  of  857 
Rays  is  every  way  unchangeable,  as  will  appear  by  the 
Experiments  to  be  mention’d  hereafter* 

Vol.II.  la  CHAP* 
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CHAP.  XIX. 

Concerning  the  Colours  of  the  Rajs,  and 
their  Unchange  able  nefs . 

858  np  Ji  E  different  Refrangibility  of  the  Rays  goes 
JL  along  with  the  different  Colours ;  and  every 
fort  of  Rays  as  they  are  more  or  lefs  inflected  by  Re- 
fr  ail  ion,  have  a  particular  Colour  of  their  own ,  and 
which  is  wholly  unchangeable. 

In  refpedt  of  the  Colours,  the  fame  Thing  is 
to  be  obferv’d  as  has  been  taken  Notice  of  in 
*  regard  to  other  SenfatiOns  *  ,*  the  Colours  are 
716  Ideas  which  have  nothing  common  with  the 
Rays,  by  which  they  are  excited  :  Therefore  we 
muft  define  what  we  mean  by  colour'd  Rays 
and  colour'd  Obje&s. 

Definition  I. 

An  ObjeB  is  faid  to  be  of  fuch  a  Colour ,  whofe 
Idea  is  excited  in  the  Mind  by  the  Rays  reflected 
from  the  Object. 

Definition  II. 

8  60  Homogeneous  Rays ,  which  flriking  upon  the  Retina , 

excite  in  our  Mind  an  Idea  of  any  Colour ,  are  call'd 
Rays  of  that  Colour . 

We  have  faid  that  the  Rays  excite  an  Idea, 
by  which  we  underftand  that  the  Rays  put  the 
Fibres  into  a  trembling  Motion,  and  that  Mo¬ 
tion  occafions  an  Idea  in  the  Mind. 

Plate  XVI.  Fig.  i.]  It  is  very  evident  from 
the  Experiments  of  the  foregoing  Chapter,  that 
Rays  of  a  different  Refrangibility  have  a  diffe¬ 
rent  Colour ;  for  thofe  Experiments  fhew  that 
the  Image  of  the  Sun,  which  is  oblong,  is 
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tinged  with  different  Colours.  The  Rays  which  are  26 1 
leaji  turn’d  out  of  the  way  by  RefraSlion,  are  red ; 
the  reft  of  the  Colours  are  in  the  following  Order , 
namely  Orange ,  Yellow,  Green ,  Blue,  Purple  and 
Violet ,  of  which  laft  Colour  are  the  Rays  that 
are  moft  refracted  *.  The  oblong  Image  of  the'  853 
Sun  above-mention’d ,  as  has  been  faid  *,  is 
made  up  of  an  innumerable  Quantity  of  round 
Images;  if  their  Diameters  be  diminifh’d  (which 
is  done  by  intercepting  the  Sun ’s  Rays,  fo  that 
only  thofe  that  come  from  the  Center  of  the 
Sun  fliall  pafs  thro*  the  Prifm)  the  Centers  of 
the  particular  Images  which  make  up  the  ob¬ 
long  Image  will  not  be  chang’d ;  and  therefore 
the  Length  of  the  Image  a  h ,  between  parallel 
Lines,  is  not  chang’d  :  And  this  alone  wou  d 
remain  the  fame,  it  the  Breadth  of  the  Image 
fhou’d  be  infinitely  diminifh’d  :  And  therefore 
this  Length  alone  is  to  be  confider’d  in  determi¬ 
ning  the  Limits  of  the  Colours  in  the  Image 
itfelf ;  thefe  Colours  are  reprefented  in  this  Fi¬ 
gure  by  the  Letters  a,  b,  c,  d,  e,  ft  g ,  k,  and  the 
Number  which  is  fet  down  againft  each  Colour 
denotes  the  Space  taken  up  by  it  in  the  Image, 
the  whole  Length  of  the  Image  being  divided 
into  3  <5o  Parts. 

If  the  Breadth  of  the  oblong  Image  of  the  Sun  be  26 2 
diminijh’d ,  the  heterogeneous  Colours  are  more  fepara- 
ted  in  the  Image ;  becaufe  there  are  fewer  parti¬ 
cular  Images  confounded  in  the  feveral  Points, 
where  Rays  of  different  Refrangibilities  differ 
little  from  each  other. 

The  Colour  of  any  Ray ,  as  alfo  its  Refrangibility,  26 3 
cannot  be  changed  by  any  Ref  rail  ions ,  or  Reflexions , 
or  mingling  of  the  Rays  together. 

In  this  Chapter  I  fhall  fpeak  of  Reflexion 
and  Refra&ion,  and  of  the  Mixture  of  Rays  in 
the  following  one. 

1  3 
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85^  That  the  Refrangibility  is  not  chang’d  by  Re- 
fraction,  is  prov’d  by  the  5 th  Experiment  of  the 
foregoing  Chapter ;  which  may  alfo  be  referred 
to  Colour;  but  is  more  clearly  evinc’d  by  the 
following  Experiment.  Concerning  which  it  is 
to  be  obferv’d  (as  may  be  alfo  faid  of  what  fol¬ 
lows)  that  the  Experiments  are  to  be  made  with 
Prifms  of  clear  Glafs,  free  from  Veins;  for  they 
occafion  the  Light  to  move  irregularly ;  and  the 

Rays  are  not  duly  feparated  by  the  Refractions. 

*  .. 

Experiment  1.  Plate  XVI.  Fig.  2.]  Every  thing 
being  as  in  the  firft  Experiment  of  the  foregoing 
Chapter,  you  mull  make  the  Experiment  with 
a  Sun  Beam,  going  thro’  an  Hole  of  half  an 
Inch  Diameter  :  The  Frame  or  Stand  S  in  which 
the  Prifm  is,  muft  be  fuch,  that  the  little  flat 
Board  t ,  to  be  us’d  in  this  Eperiment,  may 
move  between  its  fides ;  this  Board  has  an  Hole 
F  of  i  of  an  Inch  bore,  thro’  which  the  Light 
refracted  by  the  Prifm  is  tranfmitted,  whereby 
the  Rays  in  the  oblong  Image  are  better  feparated  ! 
from  one  another,  the  Rays  being  moflly  inter¬ 
cepted  ;  this  oblong  Image  R  V,  at  the  Diftance  ! 
of  10  or  12  Feet  from  the  Prifm,  falls  upon  the 
Board  t  of  a  Stand  like  the  former ;  in  which  11 
Board  alfo  there  is  a  fmall  Hole  F  like  that  in 
the  firft ;  thro’  this  the  Rays  pafs  upon  a  fecond 
Prifm  laid  upon  this  Stand,  and  are  refracted  in  I 
the  fame  manner  as  in  the  firft.  By  moving  the  J| 
firft  Prifm  a  little  about  its  Axis,  the  Image  RV 
afcends  or  defcends,  whereby  the  different  Rays  j 
are  fiicceflively  tranfmitted  thro’  the  Hole ;  in  eve-  ■ 
ry  Cafe,  the  Rays  refracted  thro’ the  fecond  Prifm, 
and  ftriking  upon  the  flat  Board  T  which  is  co-  ■ 
ver’d  with  white  Paper,  are  not  difpers’d  at  H ;  | 
but  the  Image  is  round,  if  the  Ravs  fall  perpen¬ 
dicularly  upon  the  Paper,  and  alfo  of  the  fame 

Colour  : 
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Colour  as  the  Rays  falling  upon  the  fecond 
Prifm.  Yet  the  Image  H  is  fo  much  the  more 
lifted  up,  as  the  Rays,  by  Refraction  thro’  the 
firft  Prifm,  are  more  turn'd  out  of  the  way  ;  that 
is,  thofe  that  are  mod;  refrangible  in  the  one  Cafe, 
do  alfo  fuffer  thegreateft  Refraction  in  the  other. 

It  will  appear  alfo  by  the  following  Experi-  8 6$ 
ments,  that  the  Refrangibility  and  Colour  are 
not  chang’d  by  Reflexion, 

Experiment  2.]  The  Rays,  which  for  Exam¬ 
ple,  make  the  red  Part  of  the  oblong  colour'd 
Image,  whatever  Body  they  are  reflected  from, 
are  always  red;  that  is,  all  Bodies  appear  red 
in  that  Light :  In  the  violet  Light  they  are 
violet ;  green  in  the  green  ;  and  fo  on  in  the 
other  Colours. 

This  will  appear  by  trying  it  with  Vermil¬ 
lion,  Orpiment,  blue  Bice,  or  Cloth  of  any 
Colour,  &c. 

Experiment  3.  Plate  XVI.  Fig .  3.]  Let  the 
Light  enter  the  dark  Room  thro'  two  Holes  of 
a  quarter  of  an  Inch  Diameter  each,  in  the 
round  Plate  moveable  in  the  Window  ;  let  thefe 
Beams  be  about  two  Inches  afunder,  and  refle¬ 
cted  by  the  plane  Mirror  S. 

The  Plate  and  Mirror  muff  be  fo  difpos’d, 
that  the  two  Beams  may  fall  upon  two  Prifms 
A  A,  which  are  laid  horizontally  upon  the  fame 
Frame;  fo  that  the  oblong  Images,  produc'd 
by  the  Refra&ion  of  thofe  Prifms,  may  touch 
one  another  at  their  Sides.  Let  one  Prifm  be 
turn'd  a  little  about  its  Axis,  that  the  red  of 
one  Image  may  be  juft  on  the  fide  of  the  Violet 
of  the  other:  Let  thefe  Colours,  and  none  of 
the  reft,  be  intercepted  by  a  wooden  Ruler  that 
has  a  white  Paper  pafted  upon  it,  fo  that  the 
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Red  be  at  R,  and  the  Violet  at  V,  the  reft  of 
each  Image  falling  upon  the  Wall,  which  muft 
be  cover’d  with  a  black  Cloth.  It  any  Perform 
ftand  at  O,  and  thro5  the  Priftn  BB  looks  at 
thofe  Colours,  R  and  V,  ( in  the  manner  de^ 
fcrib’d  concerning  the  Hole,  in  Experiment  4. 
of  the  foregoing  Chapter)  he  will  fee  the  Co¬ 
lours  feparatcd  from  one  another,  the  Red  at 
r,  and  the  Violet  at  v ;  which  therefore  being 
reflected  in  going  thro’  the  Priftn  BB,  under¬ 
goes  a  greater  Refraction. 

In  the  firft  Experiment  of  this  Chapter  we 
gave  a  Method,  whereby  to  feparate  the  hete¬ 
rogeneous  Rays  better  than  in  other  Expen¬ 
sed  ments  ;  in  the  following  Experiments,  Lights  of 
divers  Colours  become  much  more  homogene¬ 
ous,  which  is  requir’d  in  the  fixth  Experiment 
of  this  Chapter. 

Experiment  4.  Plate  XVII.  Fig.  i.J  Let  the 
Sun’s  Light  enter  the  dark  Room  thro’  an  Hole 
of  i  of  an  Inch ;  the  Sun-Beam  muft  be  reflect¬ 
ed  by  the  Prifm  A  A  to  the  convex  Lens  V, 
which  ftands  upon  a  Foot,  and  is  about  3  or  4 
Inches  wide;  the  Length  of  the  incident  andr 
reflected  Rays  taken  together  is  about  feven 
Feet ;  the  Convexity  of  the  Lens  is  fuch,  that 
the  Foci  of  the  Rays  coming  from  the  feveral 
Parts  of  the  Hole,  at  the  Diftance  of  10  or  12 
Feet  from  the  Lens,  will  form  the  Reprefenta- 
tion  of  the  Hole,  if  a  Paper  be  held  there* 
Juft  beyond  the  Lens  place  the  Priftn  BB, 
whereby  the  Rays  ( as  in  the  firft  Experiment 
of  the  foregoing  Chapter)  are  difpers’d ;  now 
placing  the  flat  Board  T,  at  the  Diftance  at 
which  the  Rays  coming  from  the  feveral  Points 
are  collected ,  there  will  fall  upon  it  a  well 
U 
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Length  will  have  a  greater  Proportion  to  its 
Breadth  than  in  other  Experiments ;  and  which 
therefore  is  made  up  of  Rays  more  homoge¬ 
neous*;  and  fo  much  the  lefs  mix’d,  as  the  Hole  *  8^ 
in  the  Window  is  the  lefs.  By  moving  forward 
or  backward  the  Board  T,  *  one  may  find  the 
Diftance  at  which  the  Image  is  moft  diftinCt 
and  terminated  without  a  Penumbra. 

Now  that  the  Rays  feparated  in  this  Expe¬ 
riment  are  homogeneous  enough,  is  prov’d  from 
this,  that  they  can  be  no  more  difpers’d  by  a 
new  Refraction  :  And  that  this  is  the  Property 
of  homogeneous  Rays,  follows  from  their  equal 
Refrangibility ;  which  has  already  been  confirm’d 
by  an  Experiment*,  and  is  more  fully  demon-  *g64 
ftrated  by  the  following  one. 


Experiment  5.]  Take  two  Circles  of  Paper 
of  an  Inch  Diameter  each,  and  let  Light  fall  up¬ 
on  them  in  fuch  a  manner,  that  the  one  may 
have  the  homogeneous  Rays  of  any  Colour 
fall  upon  it,  and  the  other  may  be  enlighten’d 
by  the  Rays  of  the  Sun ;  if  both  thefe  Papers  be 
look'd  at  thro’  the  Prifm  at  the  Diftance  of  fome 
Feet,  as  in  the  third  Experiment  of  this  Chap¬ 
ter,  the  Circle  enlighten'd  by  the  heterogeneous 
Light,  appears  oblong,  and  ting’d  with  diffe¬ 
rent  Colours,  as  in  the  fourth  Experiment  of  the 
foregoing  Chapter ;  but  neither  the  Colour  nor 
Figure  of  the  other  Circle  is  chang’d. 


Experiment  6.~]  Upon  a  white  Paper  draw 
black  Lines  parallel  to  one  another,  and  about 
the  fixteenth  part  of  an  Inch  wide ;  let  thefe  be 
enlighten’d  by  throwing  upon  the  Paper  the  ob¬ 
long  Image,  which  is  deferib’d  in  the  fourth 
Experiment,  fo  that  the  Lines  may  lie  long-wife 
in  the  Image.  Befides  this  you  muft  have  a  con¬ 
vex 
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vex  Lens,  about  five  or  fix  Inches  wide,  fu- 
ftain*d  upon  a  Foot,  fuch  as  is  reprefented  at  V 
(  Plate  XIX.  Fig.  2.)  which  colleds  the  red  Rays 
that  come  from  a  radiant  Point,  fix  Foot  diftant 
from  the  Glafs,  at  an  equal  Diftance  on  the 
other  Side.  If  this  Lens  be  plac’d  at  the  Di¬ 
fiance  of  fix  Feet  from  the  Image  above-men- 
tion’d,  the  Parts  of  the  black  Lines  that  are 
enlighten’d  by  the  Red  falling  upon  the  Paper, 
by  means  of  the  Rays  which  are  colleded  by 
the  Lens,  will  be  exactly  reprefented  in  the  red 
Image  at  the  Diftance  of  fix  Feet  ,*  but  you 
muft  bring  the  Paper  forward  about  three  Inches 
and  a  half,  to  make  thofe  Parts  of  the  Lines 
which  are  enlighten’d  by  the  Purple,  to  appear 
diftind  in  that  part  of  the  Image  which  is  of 
the  fame  Colour  :  The  intermediate  Colours 
give  Images  at  intermediate  Diftances ;  the  Vio¬ 
let  is  fo  weak,  that  the  Threads  cannot  be  re¬ 
prefented  in  it. 

This  Experiment  does  alfo  confirm,  that  the 
Colour  of  refleded  Rays  is  not  chang’d  by  a 
new  Refradion  thro’  the  Lens;  as  alfo  that  the 
mod  refrangible  Rays  are  more  infieded  than 
the  others  in  palling  thro’  the  Lens. 

$6y  This  lail  Experiment  does  alfo  prove,  that  the 
different  Refrangihility  of  the  Rays  is  the  Caufe  that 
hinders  the  Perfection  of  Telefcopes.  For  the  Foci 
of  the  Points  that  are  equally  diftant,  fall  at 
different  Diftances  from  the  Lens,  according  to 
their  different  Colours;  whence  all  the  Repre¬ 
sentations  of  the  Points  are  unequally  diftant  from 
the  Eye-Glafs;  and  therefore  they  cannot  be  all 
perfedly  feen  thro’  it. 

8^8  Concerning  the  Refiexion  of  the  Rays  it  is 
to  be  obferv’d,  that  thofe  Rays  are  more  eajily  re -  » 
feEled  totally ,  which  have  the  greatefl  Refrangihility  ;  j 
'  for  the  greater  is  the  Refradion  of  the  Rays,  , 

the  : 
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the  lefs  Obliquity  is  requir’d  to  make  them  be 
totally  refle&ed  *.  *  793 

Experiment  7.]  Take  a  Prifm,  plac’d  as  be¬ 
fore  *,  in  the  Experiment  where  it  was  obferv’d/  790 
that  by  moving  the  Pnfm  about  its  Axis,  the 
Rays  that  firfi:  went  thro’,  when  their  Inclina¬ 
tion  is  encreas’d,  becomes  wholly  reflected  *  but 
if  the  Prifm  be  gently  mov’d  in  this  Cafe,  we 
{hall  perceive  that  the  Violet  Rays  are  the  fir  it 
which  will  be  wholly  refle&ed,  then  the  Purple 
Rays,  and  and  all  the  reft  in  the  fame  order,  as 
they  are  in  the  oblong  Image  of  the  Sun,  fo  often 
mention’d  ;  which  appears,  if  the  reflected  Rays 
be  feparated  by  the  Refra&ion  of  the  Prifm. 


C  H  A  P.  XX. 

Of  the  Mixture  of  Colours ,  where  we  [hall 
fpeak  of  IV  hit  enefs, 

THAT  the  Refrangibility  and  Colour  of 

the  Rays  are  not  chang’d  by  the  mixture  $69 
of  Rays  of  different  Refrangibility,  has  already 
been  faid  *,  and  now  we  mull;  prove  it  by  Expe-  *86* 
riment  s. 

Experiment  1.  Plate  XVI.  Fig.  3.]  This  Expe¬ 
riment  muff  be  made  in  the  fame  manner  as  the 
third  of  the  foregoing  Chapter  ;  here  you  muff 
make  the  Red  R,  and  the  Violet  V  be  con¬ 
founded  and  mix’d  together,  by  throwing  them 
upon  the  fame  part  of  the  Ruler  L  L,  which 
thereby  will  appear  of  a  purple  Colour  in  that 
place.  But  if  a  Perfon  looks  at  them  thro’  a 
Prifm,  the  Colours  will  appear  feparated;  and 
therefore  neither  the  Colour  nor  Refrangibility 
are  chang’d  by  this  Confufion  of  Colours. 

Expe ' 
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Experiment  2.  Plate  XVII.  Fig .  2.]  If  the  ob¬ 
long  colour'd  Image  of  the  Sun  (  of  which  men¬ 
tion  was  made  in  the  firft  Experiment  of  the 
1 8th  Chap.)  falls  at  R  V  upon  the  convex  Lens 
L,  mention'd  in  Experiment  4,  of  the  foregoing 
Chap,  which  muft  be  plac'd  at  fix  or  feven  Foot 
from  the  Prifm  BB,  the  divergent  Rays  will 
converge  by  the  Refra&ion  of  the  Lens,  and 
interfed  one  another  at  the  Diffance  of  9  or 
10  Feet  at  A  ;  if  the  Board  T  be  placed  at 
a  greater  Diftance,  the  Rays  which  diverge 
again  after  the  Interfe&ion,  will  fall  upon  it  di- 
fpers'd ;  and  you  will  again  have  an  oblong  co¬ 
lour'd  Image;  but  the  Colours,  by  reafon  of 
the  Interfe&ion  at  A,  will  appear  in  a  contrary 
Order,  and  will  not  be  chang'd  by  having  been 
mix'd  together  at  A. 

Experiment  3.  Plate  XVIL  Fig.  2.]  Every 
Thing  ftill  remaining  as  in  the  former  Experi¬ 
ment,  if  with  a  black  Paper  you  intercept  fome 
of  the  Rays  of  the  Image  R  V,  which  changes 
the  Mixture  (which  this  way  may  be  varied  in 
any  manner)  the  Colours  of  the  other  Rays,  that 
are  again  feparated,  are  no  way  chang'd. 

870  If  the  Rays  of  the  Sun ,  as  they  come  to  us,  are 
wholly  replied  by  any  Body ,  that  Body  appears 
white ;  for  thefe  Rays  are  an  Heap,  or  Parcel 

*847  of  Rays  of  various  Colours*;  whence  we  de- 
duce,  that  a  Mixture  of  different  Colours  make  a 

871  IVkitenefs  ;  for  if  the  Colours  which  are  obferv’d 
in  the  oblong  Image  of  the  Sun,  fo  often  men¬ 
tion'd,  be  mix'd  and  confounded  together,  in 
the  fame  Proportion  as  they  are  in  that  Image, 
a  Whitenefs  will  be  produced;  which  alfo  proves, 
that  in  that  refpeft  the  Rays  are  unchangeable. 
The  Rays  that  come  from  the  Sun  appear 

white  ,• 
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white ;  but  if  they  are  feparated,  their  Colours 
are  difcover’d  •  and  if  they  be  mix’d  again,  the 
Whitenefs  will  be  reftor’d. 

Experiment  4.  Plate  XVII.  Fig.  2.]  Things 
being  difpos’d  as  in  the  two  foregoing  Experi¬ 
ments  ;  let  the  Board  T  be  plac’d  at  A,  in  the 
very  Place  where  all  the  Rays  of  the  Image  RV 
are  confounded  together;  there  will  be  a  White¬ 
nefs  at  A;  if  with  a  black  Paper  you  intercept 
the  Red  of  the  Image  RV,  the  White  will  va- 
nifli,  and  the  Colour  at  A  be  bluifh  ;  but  if  you 
intercept  the  violet  and  blue  Rays,  the  White 
becomes  reddifh. 

Experiment  5.  PlateJCVTL.  Fig.  3.]  Take  three 
triangular  Prifms,  made  of  Wood  and  Plates  of 
Glafs  which  contain  Water,  as  BB,  DD,  DD  ; 
the  Plates  of  Glafs  in  each  of  them  make  an 
Angle  of  about  70  Degrees  :  The  Length  of  the 
Plates  is  of  fix  or  feven  Inches,  and  their  Breadth 
of  three  Inches ;  thefe  Plates  are  fix’d  in  another 
manner  in  the  Prifms  DD  than  in  the  Prifin 
B  B,  fo  as  to  make  their  Bafes  bigger  ;  that  is, 
thefe  Prifms  are  fhorter  and  deeper  than  the 
other.  Let  the  Sun’s  Rays  be  refra&ed  thro"  the 
Prifm  B  B,  as  in  the  3d  Experiment  of  the  i%th 
Chap,  and  let  the  oblong  Image  of  the  Sun  at  the 
Diftance  of  three  or  four  Foot  fall  upon  the  Sur¬ 
face  of  the  Prifm  DD,  plac’d  parallel  to  the 
Surface  of  the  Prifm  BB,  out  of  which  the  Rays 
go. '  In  the  fecond  Prifm  the  Rays  undergo 
a  contrary  Refra&ion  than  in  the  firft ;  becaufe 
of  the  Parallelifm  above-mention’d  :  And  be¬ 
caufe  the  Edge  of  the  Angle  form’d  by  the  Glafs 
Plates  in  the  Prifm  D  D  is  turn’d  upwards,  and 
that  of  DD  downwards;  therefore  the  firft 
Refra&ion  is  deftroy’d  by  the  fecond,  and  the 
Rays  go  out  of  the  Prifm  D  D  parallel  to  one 

another. 
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another,  and  fall  upon  R  V ;  for  if  the  Prifms 
be  brought  together,  fo  that  the  parallel  Surfa¬ 
ces  may  touch  one  another,  the  Light  will  pafs 
thro’  a  Medium  terminated  with  parallel  Planes, 
(which  is  form’d  by  the  two  Prifms  join’d  to¬ 
gether}  thro  which  Light,  of  any  Degree  of 
Reirangibility,  will  pafs  without  change  of  Di- 
*628  reCtion  *.  Now  the  Prifms  are  feparated,  that 
the  heterogeneous  Rays  may  be  feparated,  be¬ 
fore  they  again  become  parallel  •  if  thefe  co¬ 
lour’d  Rays  fall  upon  the  third  Prifm  D  D,  and 
in  paffing  thro  it  undergo  a  Refradion  like  that 
which  they  have  undergone  in  palling  thro’  the 
firft  or  fecond  Prifm  ;  the  Rays  that  go  out  at 
rv  conv  erge,  on  account  of  unequal  Refractions 
in  Rays  of  different  Colours,  and  concur  at  A, 
in  which  place  alfo  Whitenefs  will  be  produc’d,  j 
as  in  the  foregoing  Experiment. 

^Experiment  6.~\  If  an  oblong  colour’d  Image 
of  the  Sun  be  made,  after  the  manner  defcrib’d 
in  Experiment  1.  of  the  iSth  Chap;,  and  a  Per- 
fon  Handing  at  the  Diftance  of  the  Prifm,  that 
refrads  the  Light,  looks  at  the  Image  thro’  the 
(aid  Prifm,  as  was  done  in  refpeCt  of  the  Hole 
in  the  fourth  Experiment  of  the  fame  Chap,  he 
will  fee  a  round  and  white  Image;  the  fecond 
Refraction  deltroying  the  firft ;  for  thereby  the 
Rays  being  again  mix  d,  enter  the  Eye,  and 
in  this  Cafe  make  the  ObjeCt  appear  white. 

S72  The  Mixture  of  all  the  Colours  'which  are  ohfervd 
in  the  oblong  Image  of  the  Sun ,  are  not  neceffary  for 
producing  White :  The  Whitenefs  of  the  Sun’s  Rays 
is  a  little  inclin  d  to  yellow ;  and  therefore  if 
part  of  the  yellow  Rays  be  taken  out  of  the 
Mixture,  the  White  will  be  the  more  perfect. 
From  the  Mixture  of  four  or  five  Colours  in  a 
juft  Proportion,  White  will  be  produc’d. 
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Primary,  that  is,  homogeneous.  Colours  being  873 
mix  dy  produce  innumerable  Colours ,  different  jrom 
the  primary  or  homogeneous  ones.  From  a  Mixture 
of  other  Colours  one  may  produce  a  Colour 
like  that  which  is  homogeneous  ;  but  when  there 
can  be  no  Difference  obferv d  by  the  naked  Eye  between 
an  homogeneous  and  a  mix3 d  Colour ,  one  may  perceive 
a  fenjtble  Difference  thro ’  a  Prifm. 

4 

Experiment  7.]  Thro’  a  Prifm  look  at  any  874 
fmall  Objects,  fuch  as  Letters  upon  Paper, 
Flies,  and  other  fuch  things  •  if  they  be  expos’d 
to  the  common  open  Light,  they  will  appear 
confus’d-  but  if  they  be  enlighten’d  by  the  ho¬ 
mogeneous  Light  of  the  fourth  Experiment  of 
this  Chapter, /they  will  appear  diftindt  when 
feen  thro’  the  Prifm. 


CHAP.  XXL 

Of  the  Rainbow . 

* 

HA  V I  N  G  made  an  End  of  confidering 
what  relates  to  the  Rays,  whereby  Bo¬ 
dies  are  enlighten’d  ;  before  we  leave  this  Sub¬ 
ject,  we  muft  explain  a  Phenomenon,  which 
is  too  remarkable  and  common  to  be  paft  by  in 
Silence. 

The  Iris  or  Rainbozv  is  what  every  Body  has 
often  feen  ;  we  muff  explain  what  is  the  Caufe 
of  it,  having  firfl  laid  down  fome  Things  for 
that  Purpofe. 

Plate  XVIII-  Fig .  1.]  Let  there  be  a  denfe  Me -  875 
dium  encompafdd  with  a  rarer,  terminated  by  the 
Circle  B  D  F  H.  Let  homogeneous  Rays  that  are  pa¬ 
rallel  to  one  another  fall  upon  it,  and  let  AB  be  one 
of  thefe  Rays  ;  let  the  Semidiameter  C  B  be 
drawn  and  continued  to  N ;  it  will  be  perpendi¬ 
cular 
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cular  to  the  Surface  feparating  the  Mediums : 
ABN  therefore  is  the  Angle  of  Incidence  : 
This  Angle  is  equal  to  the  oppcfite  vertical  Angle 
CBL,  whofe  Sine  is  CL,  perpendicular  to  BL 
and  going  thro?  the  Center ;  the  Ray  refraftedto- 

* 624  wards  the  Perpendicular*,  and  CBM  is  the 
Angle  of  Refraction,  whofe  Sine  is  C  M  drawn 
from  C  perpendicular  to  B  D :  There  is  the  fame 

*  639  Proportion  between  fuch  Lines  as  CL  and  CM  *, 

for  every  Ray  as  there  is  for  A  B.  The  Ray 
B  D  does  in  Part  penetrate  into  the  rarer  Medi¬ 
um  in  the  Direction  D  E,  and  in  Part  is  reflected 
along  D  F ;  and  makes  the  Angle  of  Reflexion 

*  805  C  D  F  equal  to  the  Angle  of  Incidence  BD  C 

whence  B  D  and  D  F  are  equal.  The  Ray 
D  F  does  alfo  in  part  go  out  of  the  denfer  Me¬ 
dium  along  F  G,  and  is  in  Part  reflected  along 
F  H  j  which  in  the  fame  manner  does  in  Part 
go  thro’  H  I,  and  is  in  Part  refle&ed  :  But  this 
Reflexion,  and  other  farther  Reflexions  and  Re¬ 
fractions  we  Khali  not  conflder  ;  they  are  too 
weak,  on  account  of  the  feveral  Diviftons  that 
the  Light  has  undergone. 

Plate  XVIII.  Fig .  1.]  The  Ray  F  G,  which 
after  one  Reflexion  goes  out  of  a  denfer  Medi¬ 
um,  makes  the  Angle  G  P  A  with  the  incident 
Ray  AB,  which  varies  in  different  incident  Raysi 
therefore,  tho5  thefe  Rays  Khou’d  be  parallel,  they 
will  he  /catte/ d  when  they  go  out ,  after  one  Reflexion 
as  may  be  feen  by  the  fecond  Figure. 

The  Ray  EE,  which  being  continued,  goes 
thro*  the  Center  C,  is  not  turned  out  of  its  way 

*  806, either  by  Reflexion  or  Refraction  *. 

619  As  you  recede  from  this  Ray,  the  returning 
Ray  is  continually  lefs  and  lels  inclined  to  the  in¬ 
cident  one.  So  the  Ray  D  D,  which  goes  out 
of  a  denfer  Medium  along  dd ,  and  returns  a- 
long  that  Line,  makes  a  greater  Angle  with  d  d , 

than 
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than  the  intermediate  Rays  between  D  D  and 
E  E  do  make  with  their  returning  Rays*  which 
go  out  of  the  denier  Medium. 

Let  B  B  be  a  Ray,  in  refpeCt  of  which  this  876 
Inclination  is  the  lead  ot  all,  that  is,  which 
makes  the  Angle  G  P  A  (Fig.  1.)  the  biggeft  of 
all.  Beyond  BB  the  returning  Rays  are  more 
inclin'd  to  incident  ones ;  thus  AA  returns  along 
a  a. 

From  this  Difperfion  of  the  returning  Rays  re-  877 
ceding  from  the  denfer  Medium,  they  become 
continually  weaker  and  weaker,  and  their  Colour 
cannot  be  perceived  throughout  the  whole  Space  which 
they  fill ,  tho'  the  Colour  of  the  incident  Rays 
be  vivid.  ‘ the  Colour  in  the  returning  Rays  is 
only  fenfible ,  where  the  neighbouring  Rays  are  paral¬ 
lel,  and  thofe  next  to  them  diverge  but  very  lit¬ 
tle;  fo  that  at  a  great  Diltance  they  are  denfe 
enough  to  be  perceiv'd.  7 hefe  only  aie  [aid  to  be 
efficaciom,  and  will  be  fuch,  when  the  incident 
Rays  which  are  near  one  another  being  refra&ed, 
concur  in  the  very  Point  of  Reflexion. 

Plate  XVlII.  Fig.  3.]  Let  A  B,  a  b  be  neigh¬ 
bouring  Rays  parallel  to  one  another,  falling  up¬ 
on  a  circular  Surface  that  terminates  a  denfer 
Medium  ;  if  thefe  being  refracted  along  B  D,  Id, 
do  concur  in  D  the  Point  of  Reflexion,  the  re¬ 
flected  ones  DF,  D/  will  make  the  fame  Angles 
with  one  another  as  the  incident  ones  D  B,  D  b  ; 
therefore  the  refraCted  Rays  F  G,  f  g  will  be  pa-  *  61 7 
rallel  *  and  efficacious  *.  In  this  Cafe  the  tot-  *87/ 
lowing  Method  will  ferve  to  determine  the  An¬ 
gle  made  by  the  incident  Ray  with  the  returning 
one  ;  that  is,  the  Angle  A  P  G,  which  here  is 
the  greateft  of  all. 

Let  us  call  the  Ratio  of  I  to  R,  that  which  878 
s  found  between  the  Sines  of  the  Angle  of  In¬ 
cidence  and  Refraftion,  when  the  Light  goes 

Vol.  II.  K  °UC 


Mathematical  Elements  Book  III. 

out  of  a  rarer  Medium,  by  which  a  denfer  is 
encompafs’d,  into  a  denier  contain’d  in  the  Cir¬ 
cle  itfelf.  Therefore,  having  drawn  C  m  perpen¬ 
dicular  to  bD,  and  the  Arc  mn  with  the  Center 
C  and  Semidiameter  C  m, 

I,R  : :  C  L,  CM::C/,  Cm: :  C  L  —  C/—  L/, 
CM  —  C  m  ~  M  n. 

Draw  B  o  perpendicular  to  B  L,  and  alfo  B  p 
perpendicular  to  B  D ;  and  draw  b  p y  fo  that  it 
may  make  a  right  Angle  with  B  p  ;  laftly,  join 
together  by  Lines  the  Points  B,  C,  and  M,  my 
the  Triangles  B  b  o,  B  C  L  are  fimilar;  for  they 
are  re&angular,  and  the  Angles  o  B  b  and  C  B  L 
(the  Difference  of  each  of  which  from  a  right 
Angle  is  the  Angle  o  B  C,)  are  equal. 

It  may  be  prov’d  in  the  fame  manner,  that 
the  Triangles  BMC  and  B  bp  are  fimilar ;  the 
Triangle  M  m  n>  which  is  rectangular  at  is 
alfo  fimilar  to  this  ,  for  the  Sides  M  n  B  />, 
which  are  perpendicular  to  the  Line  B  D,  are 
parallel ;  as  alfo  M  m  and  B  b>  becaufe  the  Lines 
£  D,  b  D,  are  bifeCted  at  M  and  w  into  equal 
Parts.  Therefore  alfo  B  b  is  the  double  of  M  my 
and  B  p  the  double  of  m  n. 

Hence  we  deduce 

B  C,  B  L  :  :  B  b,  B  o. 

BC,  B  M  :  :  Bb,  Bp. 

Therefore 

BL,  B  M  :  :  B  o  -  L  /,  p  r=  2  M  »  :  :  I, 

2  R  :  :  CL,  2  C  M,  by  comparing  thefe  Pro¬ 
portions  with  the  aforefaid  Proportion. 

Now  fince  the  Squares  of  proportional  Quan¬ 
tities,  are  themfelves  proportional,  you  will 
have 

B  L\  CL::  B  Mq,  4  C  M\  1 

Whence  we  deduce 

BL  +  CL  ~  B  Cq,  B  Lq  :  :  B  Mq  -f  4  C  M'  ? 
-BO4-3  C  Mq,  BM^BD-C  Mq  —  : 
BLXLO-CMI  By  [ 
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By  fubtra&ing  the  firft  and  fecond  Term  from 
the  third  and  fourth,  (which  does  not  change 
the  Proportion)  you  will  have 

B  Cq,  b  Lq  :  :  3  C  Mq,  L  Cq  —  C  M1  :  :  3 
R\  I1  —  R 1 ;  for  there  is  the  fame  Ratio  be¬ 
tween  C  M  and  L  C  as  between  R  and  I. 

If  therefore  you  know  the  Ratio  between  R 
and  I,  you  have  the  Ratio  between  the  Semidi¬ 
ameter  B  C,  and  the  Line  B  L,  which  is  the 
Sine  of  the  Angle  B  C  L,  which  Angle  therefore 
is  given ;  and  by  Confequence  you  have  the  Arc 
B  N,  and  alfo  F  G,  for  they  are  equal. 

Having  the  Sine  B  L,  you  have  alfo  the  Sine 
of  the  Angle  BCM]  becaufe  (  as  we  have 
(hewn  before  ) 

B  L,  B  M  i  :  I,  2  R. 

Therefore  the  Arc  B  D  is  determin’d,  to  which 
D  F  is  equal. 

Hence  we  may  eafily  find  the  Arcs  N  H  and  87^ 
BF  j  if  the  former  be  taken  out  of  the  latter, 
and  the  Remainder  be  divided  into  two  equal 
Parts,  we  (hall  have,  as  is  well  known,  the  Mea- 
fure  of  the  Angle  A  P  G. 

When  the  Ratio  between  I  and  R  varies,  the 
Angle  A  P  G  is  changed,  which  therefore  be-* 
comes  different,  according  to  the  different  Re- 
frangibility  of  the  Rays. 

If  the  above faid  Surface  be  enlightened  by  heterege-  880 
neous  Rays ,  as  they  flow  from  the  bun,  the  effica¬ 
cious  Rays  of  different  Colours  do  not  make  equal  An- 
gles  with  the  incident  ones ,  and  fo  by  the  help  of  this 
RefraSlion  the  Colours  are  feparated. 

Plate  XVIII.  Fig.  4.  Experiment  1.]  Let  the 
Sun*s  Light  enter  the  dark  Chamber,  thro7  a  Slit 
in  the  moveable  round  Plate  O,  and  being  hori¬ 
zontally  refledled  from  the  Looking-glafs  S,  let 
it  pafs  thro5  a  Slit  i  \  the  little  Board  or  Stand  T; 

V  o  l.  II.  K  2  as 
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*630  as  has  been  before  explain'd.*  Take  a  Phiol 
exactly  cylindric,  made  of  clear  Giafs,  and  full 
of  Water.  Let  the  Beam  or  Ray  at  f  g  fall  upon 
the  Surface  of  the  Phiol,  it  will  be  retraced  in  the 
Water  towards  h  i,  and  there  reflected,  and  will 
go  out  of  the  Phiol  at  /  m.  The  Phiol  may  be 
eafiiy  fo  placed,  as  to  make  thefe  Rays  effica¬ 
cious;  and,  becaufe  of  the  Breadth  of  the  inci¬ 
dent  Ray  or  Beam,  efficacious  Rays  ot  all  Colours 
will  go  out  of  the  Phiol  in  the  fame  Time  ;  for 
they  are  very  little  diftant  from  one  another  in 
their  Incidence.  If  thefe  efficacious  Rays  fall 
upon  a  white  Paper,  at  the  diftance  of  4  or  5 
Feet  from  the  Phiol,  they  will  produce  vertical 
Fafcia  or  Pillars,  of  various  homogeneous  Co¬ 
lours,  arifing  from  the  efficacious  Rays  of  each 
Colour  ;  if  alfo,  the  Eye  be  placed  any  where  at 
the  Diftance  of  forne  Feet  from  the  Phiol,  as 
at  N,  in  thefe  efficacious  Rays,  it  will  fee  in  the 
Phiol  that  Colour  whofe  Rays  enter  the  Eye, 
and  by  a  fucceffive  Motion  of  the  Eye  it  will 
*861  perceive  all  the  aforemention'd  Colours.* 

881  Plate  XVIII.  Fig .  5.]  But  as  to  thofe  Rays, 
which  after  a  double  Refra&ion  in  a  denfer  Me¬ 
dium  emerge,  they  will  be  efficacious,  if  they 
are  parallel  after  the  firft  Refle&ion ;  for  then 
F  H,  fb  are  in  the  fame  manner  inclined  toH/> 
as  B  D,  b  d  to  B  b  ;  and  therefore  fuppofing 
the  incident  Rays  A  B,  a  b  to  be  parallel,  the 
emerging  Rays  HI,  will  alfo  be  parallel.* 

In  this  Cafe  d  D  is  half  of  the  Difference  be¬ 
tween  the  Arcs  D  F  and  d  /,  or  D  B  and  d 
but  their  Difference  is  B  b  —  D  d  ;  if  therefore 
this  laft  be  fubtra&ed  from  the  other,  there  will 
remain  the  Double  of  the  Arc  D  d,  whofe  Triple 
therefore  is  B  b.  If  by  Lines  the  Points  D,  d, 
and  B,  b,  be  join  d,  the  Tnangles  B  E  ^  and 
B  Ed  will  be  fimiiar,  as  is  known ;  which  there¬ 
fore 
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fore  obtains,  tho’  the  Arcs  B  b>  D  d  be  fo  very 
fmall,  that  they  may  be  taken  for  right  Lines. 

There  is  therefore  that  Ratio  between  E  D 
and  E  b ,  which  obtains  between  thefe  Arcs, 
that  is,  E  D  is  the  third  part  of  E  b,  or  E  B ;  be- 
caufe  we  fuppofe  the  Arc  B  b  to  be  extreamly 
fmall.  M  D  therefore  is  divided  into  two  equal 
Parts  at  E  •  and  M  E  is  a  third  Part  of  E  B. 

Now  if  (  as  in  Fig-  3.  )  the  Triangles  B  0  b, 

B  p  b,  and  M  m  n ,  be  form'd,  M  m  will  be  the 
third  Part  of  B  6,  and  B p  the  Triple  of  M  n  ; 
now  if,  mutatis  mutandis ,  we  apply  to  this  Figure 
what  was  demonftrated  with  refpe£t  to  Fig-  3.*  *  878 
becaufe  in  this  B  p  is  equal  to  3  M  »,  whofe 
Square  is  9  M  nq,  we  (hall  have 

B  O,  B  Lq  :  :  8  Rq,  Iq  —  Rq. 

From  which  Propoition,  as  was  faid  of  Fig.  3. 
the  Arc  B  N  may  be  difeover’d,  to  which  H  G 
is  equal  ;  and  becaufe  in  this  Cafe 
B  L,  B  M  :  :  I,  3  R, 

You  have  alfo  the  Arc  B  D,  to  which  (becaufe 
the  Angles  of  Reflexion  are  equal  to  the  An-  ^ 
glcs  of  Incidence)  *  D  F  and  F  H  are  equal.  * 
From  which  Things  being  found,  we  may  88z 
eafily  deduce  the  Arcs  G  F  D  N,  and  B  H, 
whofe  half  Difference  is  the  Meafure  of  the  An¬ 
gle  H  P  B,  which  is  form’d  by  the  emerging 
Ray  with  the  incident  one ;  which  Angle  in  this 
Cafe  is  the  lead  of  all  that  are  like  it,  and  is  dif¬ 
ferent  according  to  the  different  Refrangibility 
of  the  Rays.  Whence  alfo  in  this  Cafe  the  effi-  883 
caciorts  Rays  of  various  Colours ,  fuppofing  the  inci¬ 
dent  ones  parallel ,  are  feparated  after  a  double  Re¬ 
flection. 

Plate  XVIII*  Fig  4.  Experiment  2.]  This  Ex¬ 
periment  is  perform’d  after  the  fame  manner  as 
the  former,  only  the  Situation  of  the  Phiol  muft 

K  3  be 
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be  a  little  chang’d,  that,  after  two  Reflections 
in  the  Phiol,  the  Rays  may  come  to  the  Eye  or 
Paper  towards  N. 

What  has  been  hitherto  explain’d,  may  be  ap¬ 
plied  to  the  Rainbow  ;  for  which  Phenomenon 
it  is  requir’d,  that  Drops  of  Water  Jhould  be  fuf pend¬ 
ed  in  the  Air  ;  that  the  SpeBator  Jhould  be  placed 
With  his  Back  towards  the  Sun,  between  it  and  the 
Drops ;  and  that  there  Jhould  be  a  dark  Cloud  behind 
the  Drops ,  that  the  Colours  may  be  more  fenfible, 
which  are  fcarcely  perceiv’d,  if  vivid  Light  en¬ 
ters  the  Eye  at  the  fame  Time. 

If  thefe  Things  being  fuppos’d,  we  conceive 
each  Drop  to  be  cut  by  Planes  pafling  thro’  the 
Sun  and  the  Eye  of  the  Spectator;  what  has 
been  demonflrated  of  a  Medium,  terminated 
*  878,  with  a  circular  Surface/*  may  be  applied  to  each 
of  thefe  Sections. 

88°'  Now  here  we  fpeak  of  Rays  that  penetrate 
881,  out  of  Air  into  Water.  In  red  Rays  ;  that  is, 
Pj.  thofe  which  are  leaft  of  all  refrangible,  the  Ra¬ 
tio  between  the  Sine  of  the  Angle  of  Incidence 
and  the  Sine  of  the  Angle  of  Refraction ;  that 
is,  between  I  and  R,  is  that  of  108  to  81  ;  or 
which  is  the  fame,  of  4  to  %  ;  with  which  Num¬ 
bers,  if  the  Computation  be  made,  the  Angle 
v§79  APG  (Fig  3.)  will  be  42  Deg,  2  Min.*,  and 
the  Angle  API  (Fig.  4.)  will  be  So  Deg.  *7 
v  882  Min  *  If  we  fpeak  of  the  violet  Rays,  I  and 
R  are  to  one  another  as  109  to  81 ;  which  Num¬ 
bers  give  the  Angles  APG  (Fig,  3.)  of  40  Deg. 
I  *?9  17  Min  *,  and  A  P  I  (Fig.  4.)  of  54  Deg.  7  Min  * 
S8s  Plate  XIX.  Fig.  i.]  Let  the  Drops  be  fuP- 
pos  d  to  be^diffus  d  in  the  Air,  and  enlighten’d 
by  the  Sun’s  Rays,  which  are  parallel  to  one 
another,  and  to  the  Line  O  F,  that  paflfes  thro’ 
the  Eye  of  the  Spedator.  Let  the  Lines  eOt 
EO,  bO>  B  O,  be  conceiv’d  to  be  drawn  ;  and 

let 
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let  the  Quantity  of  the  following  Angles  be  thus, 
(viz..)  eOFof  40  Deg.  17  Min.  E  O  F  42  Deg. 

2  Min.  iOF  50  Deg.  57  Min.  BOF  54  Deg. 

7  Min.  Thefe  fame  Lines  with  the  incident 
Rays  de,  D  E,  a  b,  A  B,  form  Angles  that  are 
relpettively  equal  to  the  aforemention’d ;  there¬ 
fore,  if  the  Drops  be  conceiv’d  at  <?,  E,  b,  B, 
the  violet  efficacious  Rays,  after  one  Reflexion 
in  the  Drop  e,  enter  the  Eye  ;  and  the  red  effi¬ 
cacious  Rays  come  to  the  Eye  horn  the  Drop  E; 
in  like  manner  after  one  Reflexion,  the  other  in¬ 
termediate  Colours  are  obferv  d  between  e  and  ^ 

E,  in  the  abovemention’d  Order  *.  After  two  8  1 
Reflexions  in  the  Drop,  the  efficacious  red  Rays 
come  to  the  Eye  from  the  Drop  b ;  and  the  effi¬ 
cacious  violet  ones  from  the  Drop  B ;  the  intei- 
mediate  Colours  appear  between  thefe  Drops 
after  the  fame  Manner  as  between  E,  e ;  but 
they  are  difpos’d  in  a  contrary  Order,  and  by 
reafon  of  their  double  Reflexion  are  alfo 


885 


Let  us  conceive  a  Line  at  O  e,  to  be  revolv  d 
about  a  fix’d  Line  O  F,  preferving  the  Angle 
e  O  F,  and  to  form  a  Cone  or  part  of  a  conic 
Surface:  in  every  Situation  the  Line  *0  will, 
with  the  Rays  of  the  Sun  that  are  parallel  to 
one  another,  and  to  the  Line  OF,  form  an  An¬ 
gle  of  40  Deg.  17  Min.  //therefore  the  Drops 
be  diffus’d  near  part  of  the  Surface  of  this  Cone 
at  the  fame  or  different  Diftances,  the  Eye  will 
fee  a  violet  Arc  or  Bow :  The  fame  may  be  faid 
of  the  other  Colours  ;  and  therefore  Drops  being 
fufpended  in  the  Air,  it  fees  an  Arc  or  Bow  of 
the  Breadth  e  E,  ting’d  with  the  homogeneous  Co¬ 
lours  before-mention’d  *,  that  are  difpos’d  in  the  *  86i 
fame  order  as  in  the  Experiments  with  Prifms  ; 
becaufe  the  heterogeneous  Rays  are  feparated  as  ^ 
much  in  the  Drops  as  in  the  Prifm  *.  * 8  ” 
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88d  By  the  fame  way  of  reafoning  it  is  plain, 
there  will  be  a  broader  Arc  or  Bow ,  furrounding  the 
firfl,  in  which  the  fame  Colours  will  appear  in  a  con - 
trary  Order ,  and  Weaker. 

Experiment  3.]  Hang  up  a  black  Cloth  in  the 
Light  of  the  Sun;  and  let  a  Spectator  look  at  it 
{landing  between  the  Sun  and  the  Cloth ;  then 
if  Water  be  made  to  fall  in  fmall  Drops  between 
the  Spectator  and  the  Cloth,  the  Spe&ator  will 
fee  a  Rainbow,  at  lead  the  inner  one. 


CHAP.  XXII. 

Of  the  Colours  of  thin  Plates . 

WE  pafs  on  to  the  Colours  of  natural  Bo¬ 
dies  ;  and  before  we  go  any  farther,  we 
think  it  proper  to  examine  thin  Plates.  Who¬ 
ever  attentively  has  oblerv’d  very  thin  Glafs,  or 
Bubbles  made  of  Water  thicken’d  with  Soap, 
mufl  have  perceiv’d  feveral  Colours  in  them. 
Rays  of  Light,  by  help  of  a  thin  tranfparent 
Plate,  are  feparated  from  one  another,  and  ac- 
S07  cording  to  the  different  ‘Thicknefs  of  the  Plate ,  the 
Rays  of  fome  Colours  are  tranfmitted,  and  thofe  of 
others  are  refleEled  ;  and  the  fame  very  thin  Plate  is 
of  another  Colour ,  when  feen  by  the  tranfnitted  Rays , 
than  when  feen  by  the  reflefted  ones. 

Experiment  1.  Plate  XVIII.  Fig.  6f]  Take  two 
Objed-Glaifes  belonging  to  long  Telefcopes , 
AB  and  CD;  and  let  one  of  them  be  laid  up¬ 
on  the  other;  then  let  them  be  prefs’d  toge¬ 
ther  hard,  and  in  the  middle,  where  the  Glaffes 
touch  one  another,  you  will  fee  a  tranfparent 
Spot,  which  is  encompafs’d  with  colour’d  Cir¬ 
cles.  If  the  Light  refle&ed  by  the  Air  that  is 

between 
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between  the  Glaffes  comes  to  the  Eye  at  O, 
there  will  appear  a  black  Spot ;  and  the  Co¬ 
lours,  which  as  you  recede  from  the  Center  are 
fo  difpofed,  that  by  reafon  of  the  fame  Colours 
coming  over  again,  they  may  be  referr’d  to  fe- 
veral  Orders,  they  will  be  as  follows ;  BLACK, 

Blue,  White,  Yellow,  Red:  VIOLET,  Blue, 
Green,  Yellow,  Red:  PURPLE,  Blue,  Green, 
Yellow,  Red  :  GREEN,  Red ;  which  Colours 
are  alfo  encompafs’d  with  other  Colours ;  but 
as  you  recede  from  the  Center ;  grow  continually 
weaker  and  weaker. 

If  the  Light  pailes  thro*  the  Glafles  to  the 
Eye  at  O,  the  tranfparent  Spot  which  tranfmits 
all  the  Rays  is  White  ;  and  by  that  Series,  as 
you  recede  from  the  Center,  there  will  appear 
Colours,  which  are  alfo  referr’d  to  feveral 
Orders  contrary  to  thofe  above-mention  d : 
WHITE,  yellowifh  Red,  Black,  Violet,  Blue; 
WHITE,  Yellow,  Red,  Violet,  Blue  :  GREEN, 
Yellow,  Red,  bluifh  Green  :  RED,  bluifh  Green, 
which  are  alfo  encompafs’d  with  weaker  Co¬ 
lours. 

Experiment  2.]  Blow  up  foap’d  Water  into  a 
Bubble,  to  form  a  thin  Plate  of  Water.  Let 
this  be  cover’d  with  a  very  clear  Glafs,  left,  by 
the  Agitation  of  the  Air,  the  Colours  to  be  ob- 
ferv’d  in  that  Bubble,  fhou’d  be  confounded  by 
the  Motion  of  the  Water.  Such  a  Bubble,  be- 
caufe  the  Water  continually  runs  dovvn  every 
way,  is  very  thin  at  Top,  and  the  Thicknefs  in 
going  down  is  continually  encreas’d  ;  and  for 
the  fame  reafon  the  Thicknefs  of  the  whole  is 
continually  diminifh’d.  Before  the  Bubble  breaks, 
the  Top  of  it  becomes  fo  thin,  as  to  tranfmit 
the  whole  Light  and  appear  black.  If  in  that 
Cafe  the  Bubble  be  obferv’d  by  refle&ed  Light, 

when 
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when  it  is  enlighten’d  by  the  Reflexion  of  at 
whitifli  Sky,  and  the  extraneous  Light  is  inter¬ 
cepted  by  placing  any  black  Body  behind  the 
Bubble ;  the  black  Spot  above-mentioned  will 
appear,  and  be  encompafs’d  with  the  fame  co¬ 
lour'd  Circles,  difpos’d  in  the  lame  Order  as 
about  the  black  Spot  in  the  former  Experiment. 
As  the  Water  defcends,  the  Rings  are  continu¬ 
ally  dilated  till  the  Bubble  burfls. 

When  the  extreme  Circumference  of  the  Bub¬ 
ble  appears  Red  by  the  refle&ed  Rays,  if  it  be 
look’d  at  fo  as  to  be  feen  by  the  tranfmitted 
Rays,  it  will  appear  Blue ;  and  generally  the 
Colours  produc’d  by  tranfmitted  and  refle&ed 
Rays,  in  the  fame  manner  as  in  the  foregoing 
Experiment,  are  oppofite  to  one  another. 

888  By  comparing  rhefe  Experiments,  it  follows 
that  if  we  encreafe  the  Thicknefs  of  a  very  thin  Platey 
its  CoLur  will  be  chang’d,  and  there  will  be  the  fame 
Changes  fuccejfively ,  and  in  the  fame  Order ,  whether 
the  Plate  be  form’d  out  of  a  rarer  or  a  denfer  Medi¬ 
um.  For  in  the  Piate  of  Air,  between  the  Glaf- 
fes,  and  the  watery  one  in  the  Bubble,  whofe 
Thicknefs  encreafes  as  it  goes  farther  from  the 
middle,  the  Colours  will  be  in  the  fame  Order. 

I  Bp  Yet  *n  a  denfer  Plate  a  lefs  Thicknefs  is  requir’d  than 
in  a  rarer ,  to  have  it  tingd  with  the  fame  Colour . 

Experiment  3.]  Every  thing  being  difpos’d  as 
in  Experiment  1.  if  you  wet  the  Edges  of  the 
Glafles  a  little  on  one  fide,  the  Water  will  by 
degrees  infinuate  itfelf  between  the  Glafles  ;  and 
there  will  be  obferv’d  the  fame  colour’d  Circles 
as  in  the  Air,  neither  will  their  Order  be  chan¬ 
ged,  but  the  Circles  will  be  lefs ;  when  the  Wa¬ 
ter  is  got  as  far  as  the  Center,  all  the  Portions 
of  the  Circles  in  the  Water  will  be  feparated 
from  the  Portions  of  the  Circles  in  the  Air,  and 
be  all  reduc’d  into  a  lefs  Space,  The 
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The  Colour  of  a  Plate  depends  upon  its  Thicknefs  *  890 

and  Denjity,  and  not  upon  the  encompaffing  Medium .  *  887 

*  889 

Experiment  4.]  If  you  take  a  piece  of  Ifing- 
glafs  or  Talk,  io  thin  as  to  have  it  colour'd,  the 
Colours  will  not  be  chang’d  by  wetting  it;  that 
is,  if  inftead  of  Air  the  Plate  is  encompafs’d  with 
Water. 

The  Colour  of  the  fame  Plate  is  fo  much  the  more  8<?i 
vivid,  as  its  Denjity  differs  more  from  the  Denjity  of 
the  circumambient  Medium .  This  is  prov'd  by  the 
foregoing  Experiment,  in  which  the  Colours  of 
the  Plate,  when  wet,  are  more  languid  than 
thofe  of  the  fame  Plate  encompafs’d  with  Air. 

In  the  third  Experiment  alfo  the  Colours  are 
lefs  vivid  than  in  the  fecond  ;  in  both  there  is  a 
Plate  of  Water  ;  but  in  the  fecond  Experiment 
it  is  enclos'd  with  Air,  and  in  the  other  with 
Glafs ;  but  Water  and  Glafs  differ  lefs  in  Denfity 
than  Air  and  Water. 

If  Mediums  equally  differ  in  Denjity,  the  Colours  8pa 
will  be  more  vivid,  if  the  denfer  be  encom-ajf*  d  with 
the  rarer :  For  a  very  thin  Gsafs  Plate,  whicn  is 
colour'd  on  account  of  its  Thinnefs,  being  en- 
Compafs’d  with  Air,  the  Colours  will  be  more 
vivid  than  in  Experiment  1.  in  which  a  Plate  of 
Air  is  encompafs'd  with  Glafs. 

A  Plate  of  the  fame  Denfity ,  encompaf’ d  with  the  g^.. 
fame  Medium ,  will  ref  ell  fo  much  the  more  Light , 

OS  it  is  thinner .  Tet  if  the  Thicknefs  be  too  mu:h  di -  894 
minijb'd,  it  does  not  refleEl  the  Light.  All  this  is 
plain  from  the  foregoing  Experiments;  in  the 
three  firft,  the  colour’d  Circles  which  are  the 
lead,  and  which  are  alfo  the  thinneft,  refled 
Light  beft  of  any  ;  but  in  the  Center,  where 
the  Spot  is  the  thinneft  of  all,  there  is  no  fenli- 
ble  Reflexion  ;  as  this  clearly  appears  in  the  fe¬ 
cond  :  In  the  firft  there  is  alfo  a  very  thin  P.ate 
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of  Air,  which  does  not  refled  Light ;  for  the 
tranfparent  Spot  in  the  Center  is  much  bigger 
than  thofe  Parts  of  the  Surfaces  of  the  Glades 
which  immediately  touch  by  the  yielding  in¬ 
wards  of  the  compreLM  Parts, 
gpy  I  there  are  Plates  of  the  fame  Medium ,  whofe 
Thicknefs  are  in  an  Arithmetical  Rrogreffion  of  the 
Natural  Numbers  1,  2,  3,  4,  5,  6,  7,  &c.  If  the 
thinnefi  of  them  all  refleBs  any  homogeneous  Rays ,  the 
feconci  void  tranfmit  the  famey  the  third  again  will 
refled  them,  and  the  Rays  z mil  he  alternately  refle - 
Bed  and  tranfmitted ;  that  is,  the  Plates,  whofe 
Thicknefs  in  the  abovemention’d  Progreflion  an- 
fwer  to  the  odd  Numbers  1,  3,  5,  7,  &c.  refled 
the  Rays  which  the  others  tranfmit ,  whofe 
Thicknefles  anfwer  to  the  even  Numbers  2,4, 
6,  8,  &c. 

This  Property  of  the  Plates  obtains  in  refped 
of  any  fort  ol  homogeneous  Rays,  with  this 
Difference,  that  d ‘fierent  Thicknefles  are  re- 
q  ,ir\i  for  different  Colours,  as  has  been  faid  be- 
*  $87  fore  the  thinned  of  all  for  refleding  Violet, 
and  they  muft  be  thickefl  for  refleding  Red  ,*  if 
the  Thicknefles  are  intermediate,  the  Rays  of 
an  intermediate  Refrang  bility  are  refleded,  that 
S 96  is,  as  the  Re)  rangihility  of  the  Ray  increafes ,  the 
fhicknef  of  the  Plate ,  that  refleBs  it3  is  diminiflo  d. 

Experiment  5,]  Let  the  Experiment  be  made 
m  a  dark  Room  to  produce  the  oblong  Image 
of  the  Sun  upon  a  Paper,  fuch  as  is  mention’d 
in  Experiment  1.  Chap  18.  Take  two  Objed- 
Glafles  of  long  Telefcopes  (fuch  as  were  men¬ 
tion’d  in  the  ArA  Experiment  of  this  Chapter) 
let  them  be  prefs’d  together,  and  fo  difpos’d, 
that  every  Angle  Colour  of  the  Image  above¬ 
mention  d  may  be  fuc  eflively  feen  in  them  as  in 
a  Looking-glafs ;  that  is,  that  the  Glafles  may 

be 
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be  fucceflively  enlighten'd  by  feveral  homogene¬ 
ous  Rays ;  which  may  be  done,  by  gently  mo¬ 
ving  about  its  Axis  the  Prifm  that  feparates  the 
Rays  to  make  the  oblong  Image.  The  R.ngs, 
mention'd  in  the  fitft  Experiment,  appear,  but 
more  in  Number,  and  only  of  one  Colour ;  by 
reafon  of  the  Unchangeablenefs  in  homogeneous 
Rays  :  *  In  the  Interluces  of  tnofe  Rings  the  *  S 63 
Rays  are  tranfmitted,  as  plainly  appear  by  hold™ 
ing  a  Paper  behind,  upon  which  the  tranfmitted 
Rays  will  come;  the  Rings  are  lead  of  any, 
when  they  are  violet ;  then  are  Lcceflively  dila¬ 
ted,  confidering  the  following  Colours,  quite  to 
the  Red.  The  Rings  being  of  any  Colour,  if 
you  meafure  exa&ly  the  Diameters  of  the  Cir¬ 
cles  that  may  be  conceiv’d  to  be  in  the  middle^ 
of  the  Breadth  of  the  Rings,  the  Squares  ot 
their  Diameters  will  be  to  one  another  as  the 
odd  Numbers  1,  3,  5,  &c.  and  meafuring  in  the 
fame  Manner  the  Diameters  of  the  Ciicles  in 
the  middle  of  every  one  of  the  Interdices  be¬ 
tween  the  Rings,  the  Squares  ot  their  Diameters 
will  be  as  the  even  Numbers  2,  4.  6,  &c.  Now 
in  uling  fpherical  Gialles,  the  Th.cknefles  of 
the  Plate  of  Air,  in  the  Circles  above-mention’d, 
are  as  the  even  and  odd  Numbers. 

Definition. 

An  homogeneous  Colour ,  in  a  Plate  of  any  Aledi-  897 
umy  is  /aid  to  be  of  the  firft  Order,  ij  the  Plate 
be  the  thwneft  of  all  thofe  tha ‘  7  e fie  FI  that  Colour ;  m 
a  Plate  uhofe  Ihicknefs  is  triple ,  it  is  fa.  a  to  be  of 
the  fecond  Order,  C 7c. 

A  Colour  of  the  fi,ft  Order  is  the  mcfi  vivid  of 
any;  and  futctffively  in  the  following  Orders ,  in  the 
fecond ,  third,  &c.  it  is  lefs  and  lefs  vivid*  *895 

Wnen  a  Plate  of  Air  is  enlighten’d  with  he¬ 
terogeneous  Rays,  as  that  between  tne  Gialles 
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of  the  Telefcopes,  cr  any  Plate  like  it  of  any 
other  Subftance,  as  in  Experiment  1.  and  2.  feve- 
ral  of  the  Rings  feen  in  the  laft  Experiment  are 
confounded  together,  and  that  Colour  is  feen 
899  which  is  made  of  their  Mixture;  for  the  fame 
Thicknefs  of  a  Plate  is  often  requir'd,  for  reflecting 
different  Colours  of  various  Orders :  So  a  Plate 
which  refle&s  the  Violet  of  the  third  Order, 
does  alfo  refled  the  Red  of  the  fecond  Order, 
as  may  be  deduc’d  from  the  laft  Experiment,  if 
you  attentively  confider  it  i  Therefore  in  the 
firft  and  fecond  Experiment,  the  third  Violet 
Ring  is  confounded  with  the  outward  Edge  of 
the  fecond  red  Ring ,  and  a  purple  Colour  is 
produc’d ;  yet  all  the  Red  of  the  fecond  Order 
is  not  abforb’d,  becaufe  the  red  Ring  is  wider 
than  the  violet  one. 

poo  Tfo  more  the  Fhicknefs  of  a  Plate  is  encreas'd ,  the 
more  Colours  it  refleEls ,  and  different  ones ,  of  different 
Orders.  The  violet  Plate  of  the  tenth  Order  falls 
in  with  the  blue  one  of  the  ninth  Order,  and 
the  yellow  one  of  the  eighth  Order,  and  laftly 
with  the  red  one  of  the  feventh  Order;  and  the 
Colour  of  the  Plate  is  made  up  of  a  mixture  of 
thofe  Colours. 

901  If  in  the  firft  and  fecond  Experiments,  a  Spe~ 
Bator  looks  obliquely  upon  the  Plates ,  fuch  as  that 
made  of  Air,  and  that  which  is  made  of  Water, 
the  Rings  will  be  dilated  as  they  are  feen  more 
obliquely,  that  is,  in  that  Motion  of  the  Eye 
the  Colour  of  the  Plate  in  a  determinate  Place  is 
chang'd ;  yet  the  Dilatation  is  greater  in  the  firft 

902  Experiment;  which  proves,  that  the  Colour  is 
more  chang'd  by  the  Obliquity  of  the  Rays ,  if  the 
Plate  be  encompafs'd  with  a  denfer  Medium ,  than  if 
it  be  enclos'd  by  a  rarer  Medium . 

Plate  XVIII.  Fig .  7.]  The  Demonftration  of 
which  Propofition  is  eafily  deduced  from  the 

Laws 
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Laws  of  Refra&ion.  Let  L  and  /  be  thin  Plates; 
the Taft  encompafs’d  with  a  deafer,  and  the  firft 
with  a  rarer  Medium;  let  them  both  be  of  the 
fame  Thicknefs  :  If  the  Rays  AB,  ab,  equally 
inclin’d  to  the  Plates  fall  upon  them,  there  will 
be  at  L  a  Refra&ion  towards  the  Perpendicu¬ 
lar  ;*  on  the  contrary,  at  /  the  Ray  is  refra&ed  *  624 
from  the  Perpendicular  ;*  and  tho’  B  D  and  bd  *  62 $ 
are  equal,  be  is  longer  than  BC;  and  therefore 
there  is  a  greater  Change  in  the  Motion  of  the 
Light  in  the  Plate  l  than  in  the  Plate  L.  The 
Denfity  of  the  Plate  L  being  eucreas’d ,  the  Medium 
with  which  it  is  enccmpafs’d  remaining  the  fame ,  there 
will  be  a  lefs  Difference  between  B  C  and  B  D, 
and  therefore  a  lefs  change  of  Colour ;  and  if  the  £04 
ref  ratling  Power  of  the  Plate  be  fo  increas’d,  that 
the  refra&ed  Rays  (  whatever  be  the  Obliquity 
of  the  incident  ones)  {hall  not  fenfibly  differ, 
there  will  be  no  fenffble  Difference  in  the  Colour  of  the 
plate ,  whatever  Situation  the  Eye  is  plac’d  in. 

Hence  we  may  eafily  deduce,  that  the  Colour  90^ 
of  fome  Plates  will  vary  by  changing  the  Vo  fit  ion  of 
the  Eye ,  and  that  the  Colour  of  others  is  permanent. 


CHAP.  XVIII. 

Concerning  the  Colours  of  Natural  Bodies. 

TITH  AT  relates  to  the  Colours  of  all  forts 
of  Bodies  may  be  eafily  deduc’d,  from 
wha:  has  been  hitherto  explain’d. 

We  have  fhewn  that  the  Rays  of  Light  have 
Co  ours  peculiar  to  themfelves  and  unchangeable, 
fo  as  not  to  be  chang’d  bv  R  -flexion.*  *  8*S 

There1  ore  the  Rays  refeSled  from  B  d  es,  ac -  po6 
cording  as  a  greater  or  lefs  Re fangi b; L ty ,  is  proper 
t  the  Col  u  of  the  Body  itfelf  have  a  greater  or  lefs 
Refraugibilay. 

Expen- 
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Experiment  i.]  In  the  middle  of  a  black  Fa* 
per  fix  two  fquare  Pieces  of  Ribbon,  the  one 
Red  and  the  other  Violet,  which  muft  be  join’d 
fo  as  to  touch  one  another  at  their  Sides,  in  the 
fame  Manner  as  the  red  and  violet  Colours  in 
the  third  Experiment  of  Chap.  19.  The  black 
Paper  muft  be  fo  piac  d,  that  the  Ribbons  may 
be  well  enlighten’d  by  the  Light  that  comes  in-  - 
to  the  Room  thro’  the  Window :  If  a  Sperator 
looks  at  thefe  Ribbons  thro’  a  Prifm,  as  in  the 
Experiment  above  mention’d,  the  Colours  will 
appear  feparated  in  the  fame  Manner  as  in  that 
Experiment. 

Experiment  2.  Plate  XlX.  Fig.  2.]  Place  the 
two  Ribbons  mention’d  in  the  former  Experi¬ 
ment  at  R  and  V,*  let  the  laft  be  violet,  the  firft 
red;  let  them  be  enlighten’d  by  the  Flame  of 
a  Candle ;  at  fix  Feet  diftance  place  the  con¬ 
vex  Lens  V ;  (  of  which  mention  has  been  made 
in  Exper .  6.  Cap.  19.)  at  the  Diftance  of  about 
fix  Feet,  you  will  have  the  Reprefentation  of 
the  Ribbon  R  upon  a  white  Paper  at  r ;  at  a  lefs 
Diftance  you  will  have  an  exad  Reprefentation 
of  the  other  at  v.  You  may  determine  when  the 
Reprefentations  are  exa ft,  by  binding  black 
Threads  upon  the  Surface  of  the  Ribbons  •  for 
thefe  Threads  appear  diftin&ly,  where  the  Re¬ 
prefentation  is  exa£L 

That  Bodies  have  various  Colours ,  becaufe  diffe¬ 
rent  Rays  are  refleBed  from  Bodies  differently  colour  d; 
and  that  a  Body  appears  of  that  Colour ,  which  ari - 
fes  from  the  Mixture  of  the  refleBed  Rays ,  may  not 
only  be  deduc’d  from  the  foregoing  Experi¬ 
ments,  but  may  be  alfo  demonftrated  dire&ly 
by  others. 

.  V 
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Experiment  3.]  Take  two  Bodies  of  any  Kind* 
the  one  red,  the  other  blue  ;  let  them  be  en¬ 
lighten'd  fucceflively  in  a  dark  Place  by  the  Co¬ 
lours  of  the  colour'd  Image,  which  is  made  by 
the  Refraction  of  the  Prifm ;  every  one  of  the 
Colours  will  be  reflected  by  both  ,•  but  the  red 
Rays  are  copioufly  reflected  from  the  red  Body, 
whilft  the  blue  Body  reflects  but  few  of  them, 
which  plainly  appears  by  comparing  both  Bo¬ 
dies,  when  they  are  enlighten'd  by  the  red ;  the 
contrary  may  be  obferv'd  in  blue  Colours,  which 
are  copioufly  reflected  from  the  blue  Body,  whilft 
only  a  few  are  reflected  from  the  red  one. 

The  Rays  which  are  not  reflected  from  a 
Body,  penetrate  into  it,  and  there  firffer* innu¬ 
merable  Reflexions  and  Refractions,  as  we  have 
explain'd  between  N°  842,  and  843  ;  till  at 
length  they  unite  themfelves  to  the  Particles  of 
the  Body  itfelf.*  Therefore  a  Body  grows  hot  fo  * 
much  the  fooner ,  as  it  refletis  Light  lefs  copioufly.  po8 
For  which  reafon  a  white  Body ,  which  reflects  al-  909 
moft  all  the  Rays  with  which  it  is  enlighten  d,*  +  «70 
heats  the  flcweft ,  whilft  a  black  Bodyy  into  which 
almoft  all  the  Rays  penetrate,  becaufe  only  few 
are  reflected,*  acquires  Heat  fooner  than  any  other .  *  *4$ 

To  determine  that  Conftitution  of  the  Sur¬ 
faces  of  Bodies,  upon  which  their  Colour  de¬ 
pends,  we  mull  take  Notice  of  the  fmalleft  Pa  - 
tides,  of  which  thefe  Surfaces  are  made  up,- 
thefe  Particles  are  tranfparent  ‘,  and  are  fepa-  *  8+i 
rated  by  a  Medium  of  a  different  Denflty  from 
the  Particles  themfelves  ;*  they  are  alfo  thin,  *  843 
otherwife  the  Surlace  wou’d  as  it  were  be  co^ 
ver'd  by  a  tranfparent  Body,*  and  the  Colour  *  843 
wou’d  depend  upon  the  Particles  under  thefe. 
Therefore  in  the  Surface  of  every  colour’d  Body 
there  are  innumerable  fmall  thin  Plates  ;  but  by 
Vol,  II.  L  leffen- 
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leflening  the  Plate,  keeping  the  fame  Thicknefs, 
its  Properties,  as  to  the  Reflexion  of  Light,  are 
not  chang’d ;  for  the  leaft  Plate,  in  refpeft  of 
the  Rays  of  Light,  is  very  large  :  Wherefore 
what  has  been  demonftrated  in  the  preceding 
Chap,  may  be  applied  to  thefe  Plates  in  the  Sur¬ 
faces  of  Bodies.  From  whence  we  deduce  the 
following  Concluflons. 

10  'the  Colour  of  a  Body  depends  upon  the  'Thicknefs , 
-9°’ and  Denjity  of  the  Parts  of  the  Body,  which  are  in 

9 1 1  the  Surface,  between  the  Pores  of  the  Body  * 

89$,  q010Uy  is  f0  much  the  more  vivid  and  homo - 

900!  geneous ,  as  the  Parts  are  thinner* 

912  Cseteris  paribus,  the  aforefaid  Parts  are  of  the 

*  896, great  eft  Thicknefs  when  the  Body  is  red,  and  of  the 
861  leaft,  when  violet* 

913  The  Parts  of  Bodies  are  much  denfer  than  the 
Medium  contain  d  in  their  Interdices  * 

904.  This  Denftty  is  lefs  in  the  Tails  of  Peacocks  and 

914  in  fome  Silks,  and  in  general  in  all  Bodies ,  wbofe 

*  901,  Colour  varies  according  to  the  different  Situation  of  the 
9°  3  Eye.* 

9 1 5  The  Colour  of  a  Body  is  more  obfeure  and  darker , 

*891  when  a  denfer  Medium  enters  its  Pores  -*  for  then 

the  Parts  upon  which  its  Colour  depends,  are 
furrounded  by  a  denfer  Medium  than  before. 

We  experience  this  in  all  Bodies  which  are 
thoroughly  penetrated  by  Water  and  Oil  :  When 
the  Bodies  are  dry,  they  recover  their  former 
Colour,  uniefs  in  fome  Cafes,  in  which,  fome 
Parts  are  carried  away  by  the  A&ion  of  the 
Water  or  Oil,  or  when  fome  Parts  of  the  Wa¬ 
ter  or  Oil  are  fo  united  with  the  Parts  of  the 
Body,  as  to  change  the  Thicknefs  of  the  Plates. 

From  fuch  a  Caufe  are  deduc’d  the  Changes 
in  the  Colours  of  fome  Liquors,  by  their  being 
mix’d  with  others.  Often  the  faline  Particles  fwim- 
ming  in  one  Liquid,  unite  themf elves  to  the  faline 

2  Parti - 
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P articles  fwimming  in  another  ;  or  the  united  Parti* 
ties  are  feparated  by  the  Ailions  of  others  that  are 
fuper  -  added ;  on  all  which  Accounts  the  Thicknefs 
ot  the  Particles  is  chang’d ,  and  together  with  it 
the  Colour  of  the  Liquids  * 

Sometimes  the  Colour  of  a  Liquid  is  different,  when 
feen  by  refecled  Kays ,  from  what  it  is  when  feen  by 
tranfmitted  ones :  YVe  have  fhewn  before  whence 
this  arifes.* 

\ 
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Experiment  4.]  An  Infufion  of  Lignum  Nephriti¬ 
cum,  that  is  not  too  much  ting'd,  appears  blue 
by  refledted  Rays,  but  yellow,  if  the  Phioi 
which  contains  the  Infufion  be  plac'd  between 
the  Light  and  the  Eye. 


Experiment  5.]  If  you  pour  Spirit  of  Vinegar 
into  the  Inlufion  ol  Lignum  Nephriticum ,  it  will 
appear  yellow  in  any  Pofition  whatever. 

In  this  Cafe  the  Thicknefs  of  the  Particles  is 
chang'd,  and  the  Rays  that  were  tranfmitted  thro' 
every  one  of  them  are  now  intercepted  ;  but  tho’ 
the  Liquor  is  plac’d  between  the  Eye  and  the 
Light,  it  is  feen  by  refledced  Rays;  for  we  may 
eafily  conceive  that  fuch  Rays  come  to  the  Eye 
by  the  various  Reflexions  which  the  Light  un¬ 
dergoes  in  the  Liquid.  But  this  Colour  only  is 
fenfible,  becaufe  the  Rays  cannot  penetrate  di- 
re&ly  thro'  the  Liquid. 

From  this  we  may  deduce  the  reafon,  why  a  pX8 
colour’d  Liquid ,  in  a  Glafs  of  the  Figure  of  an  in¬ 
verted  Cone ,  if  it  be  plac’d  between  the  Eye  and  the 
Light ,  appears  of  a  different  Colour ,  in  different  Parts  of 
the  Vejfel ;  in  the  lower  Part  all  the  Rays  which 
are  tranfmitted  thro'  the  Particles  are  not  inter¬ 
cepted  ;  then  they  are  more  and  more  intercepted, 
according  as  there  is  a  greater  Quantity  of  the 
Liquid  between  the  Eye  and  the  Light ;  till  at 

V  o  l.  II.  L  2  length 


148  Mathematical  Elements  Book  III. 

length  they  come  to  be  all  intercepted ;  and  on¬ 
ly  thofe  Rays  which  are  refleded  by  the  Parti¬ 
cles  penetrate  the  liquid ;  in  which  Cafe  the  Co¬ 
lour  coincides  with  the  Colour  of  the  Liquid 
feen  by  the  refle&ed  Rays. 

919  Clouds  often  appear  very  beautifully  colour  d;  they 
confifl:  of  aqueous  Particles,  between  which  Air 
is  interfpers’d  ;  therefore,  according  to  the  various 

920  'Tbicknefs  of  thofe  aqueous  Particles ,  the  Cloud  will 

*888  be  of  a  different  Colour.* 


The  End  of  the  Third  Boof 
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Part  I.  Of  the  Syftetn  of  the  World. 


CHAP.  I. 

A  general  Idea  of  the  Planetary  Syflem. 


* 


jg  E  who  attentively  confiders  that  *  1 


Space  can  be  terminated  by  no 
Uvi  Bounds,  will  fcarce  be  able  to 
deny,  that  the  Supreme  Aimigh- 
ty  Intelligence,  has  every  where 
manifefted  the  fame  Wifdom  which  He  has 
(hewn  to  the  Inhabitants  of  the  Earth  in  a  fmali 

L  ;  Compals. 


>5°  Mathematical  Elements  Book  IV. 

Compafs.  What  I  here  call  a  fmall  Compafs 
immenfly  exceeds  our  Comprehenfion ;  yet  it  is 
but  fmall,  compar  d  with  infinite  Space. 

921  Our  Earth,  with  fixteen  other  Bodies  ("for  we 
have  no  Knowledge  of  any  more)  moves  in  a 
determinate  Sp ace ;  neither  do  thefe  Bodies  recede 
from  or  come  nearer  to  one  another  beyond 
their  fet  Bounds;  and  their  Motions  are  pet* 
form  d  according  to  unchangeable  Laws. 


Definition  I. 

922  «,  'rhis  Co^‘on  °f  Seventeen  Bodies  is  call’d  the 
Planetary  Syftem. 

The  whole  Art  of  Aflronomy  is  almoft  em¬ 
ploy  d  concerning  thefe  alone;  and  thefe  will 
be  chiefly  my,  Subject  in  this  Work  :  The  other 
Bodies  that  conflitute  the  Univerfe  are  too  far 
diftant  from  us;  for  their  Motions  (if  they  are 
mov  d  )  to  fall  under  our  Obfervation  :  Of  thefe 
only  the  lucid  Bodies  can  be  perceiv’d  by  us  • 
and  of  thofe  only  the  more  remarkable  ones,  and 
which  are  lefs  diftant  from  us  than  the  reft  • 
even  moil  of  fuch  as  are  feen  by  the  Tele- 
lcope  are  invifible  to  the  naked  Eye. 


JL/EFINITIO  N 


923  thefe  BocJies  are  call’d  fix'd  Stars. 

They  are  call’d  fixd,  becaufe  as  far  as  can 
be  perceiv  d,  they  keep  the  fame  Pofition  with 
refpeft  to  one  another :  We  muft  take  Notice  of 
fo“ethlng  peculiar  concerning  thefe  hereafter. 

But  as  to  the  planetary  Syftem :  h  this  we 

f*Ve  fa.ld  *iere  ar°  Seventeen  Bodies,  which  are  all 
Jphertcal:  One  only  Jhmes  by  its  own  Light,  the  red 

are  opaque,  and  are  vifible  only  by  the  Light  which 
they  borrow  from  that. 

925  Jttlr  tbat  lUrt  Body’  mi  far  the  ^eateft  oj 
all  m  the  planetary  Syfiem}  it  is  quiefcem  in  the  mid - 
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die  of  it ,  at  leaft  is  agitated  by  a  very  fmall 
Motion. 

Definition  III. 

The  other  fixteen  are  call’d  Planets .  92 6 

Tbefe  are  divided  into  two  Clajfes  ;  fix  are  call'd 
the  Primary  Planets  ,  ten  are  call'd  the  Secondary 
Planets.  When  we  fpeak  of  the  Pianets  with¬ 
out  any  Diftin&ion,  we  always  underfland  the 
Primary  ones. 

7 he  Primary  Planets  move  round  the  Sun y  and  are  927 
carried  at  different  Diftances  from  it,  in  Curves 
that  return  into  themfelves. 

A  Secondary  Planet  revolves  round  a  primary  oney  928 
and  accompanies  it  in  its  Motion  round  the 
Sun. 

The  Planets  in  their  Motions  defcrihe  Elliptic  Lines ,  929 
not  much  different  from  Circles.  And  all  thofe 
Lines  are  fix'd ,  at  lead,  there  is  but  a  fmall 
Change  to  be  obferv’d  in  a  long  Time,  in  their 
Situation. 

Plate  XX IV.  Fig.  3.]  An  Elliptic  Line  ^is  930 
form’d,  if  a  Thread,  whofe  Extremities  are  fix’d 
in  the  two  Points  F  and  /,  is  mov’d,  remain¬ 
ing  ft  retch’d  ;  as  is  to  be  feen  in  this  Figure,  in 
which  the  Thread  is  reprefented  at  F  dfy  F  E /, 

F  B /.  The  Points  Fyf  are  call’d  the  Foci; 
the  Line  A  a,  which  paffes  thro’  them,  and  is 
terminated  on  each  Side  by  the  Circumference 
of  the  Ellipfe,  is  call'd  the  greater  Axis ;  and  it 
is  the  greateft  Line  that  can  be  drawn  in  the 
Ellipfis.  The  middle  Point  E  of  the  Axis,  is 
the  Center  of  the  Ellipfe ;  and  the  lejfer  Axis 
D  d  falls  perpendicularly  thro’  this  Point  upon 
the  greater  Axis- 

The  Orbits  of  all  the  Primary  Planets  are  in  931 
fuch  a  Pofition ,  that  one  of  their  Foci  falls  in  with 

their  Center  of  the  Sun ;  let  the  Ellipfe  AD  ad 

L  4  reprefent 
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reprefent  rhe  Orbit  of  a  Planet,  F  will  be  the 
Center  of  the  Sun. 

Definition  IV. 

9 11  The  Diftance  between  the  Center  of  the  Sun,  and 

the  Center  of  the  Orbit ,  is  call'd  the  Excentricity  of 
the  Planet ;  as  F  C. 

933  every  Revolution  the  Vianet  approaches  once  to 

the  Sun ,  and  once  recedes  from  it ;  and  at  its  great- 
eft  Diftance  is  at  a,  the  Extremity  of  the  greater 
Axis  of  the  Orbit,  and  at  its  leaft  Diftance,  in 
the  oppofite  Extremity  A. 

Definition  V. 

93  4  fhat  Diftance  oj  the  Planet  from  the  Sun  is  called 
the  Mean  Diftance,  which  is  equally  different  from 
the  greateft  and  the  leaft .  At  this  Diftance  the 

Planet  is  in  the  Extremities  D,  d3  of  the  fmaller 
Axis. 

Definition  VI. 

93  5  The  Point  of  the  Orbit,  in  which  the  Planet  is  at 
its  greateft  D, fiance  from  the  Sun ,  is  call'd  the  A- 
phelium ;  as  a. 

Definition  VII. 

Tfe  Point  of  the  Orbit,  in  which  the  Vianet  is  at 

its  leaft  Diftance  from  the  Sun  is  call'd  the  Perihe- 
lium. 

Definition  VIII. 

937  Thefe  Points  are  commonly  call’d  the  Auges 
or  Apfides. 

Definition  IX. 

93%  The  Line  which  joins  the  Apfides ,  that  is  the 

gieatei  Axis  of  the  Orbit,  is  call’d)  the  Line  of 
trie  Apfides. 

Every  ! 
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Every  Orbit  is  in  a  Plane  which paffes  thro  the  939 
Center  of  the  Sun. 

Definition  X. 

The  Plane  of  the  Orbit  of  the  Earth  is  call'd  the  940 
Plane  of  the  Ecliptic. 

This  Plane  is  to  be  continued  every  way ; 
and  Aflronomers  confider  the  Pofition  of  the 
Planes  of  the  other  Orbits  with  refped  to  this. 

Definition  XI. 

The  Points  in  which  the  other  Orbits  cut  the  Plane  941 
cf  the  Ecliptick  are  call'd  the  Nodes. 

D  EF  I  N  I  T  I  O  N  XII. 

The  Line  which  joins  the  Nodes  of  any  Orbit,  that  942 
is,  the  common  Se&ion  of  the  Plane  of  the  Or¬ 
bit  with  the  Plane  of  the  Ecliptic,  is  calfd  the 
Line  of  Nodes. 

A  Planet  is  not  carried  with  an  equal  Celerity  in  943 
all  the  Points  of  its  Orbit ;  the  lefs  it  is  difiant  from  944 
the  Sun ,  the  fwifter  is  its  Motion  ;  and  the  Times  in 
which  the  fever  al  Arcs  of  its  Orbit  are  run  thro’,  are  to 
one  another  as  the  Area’s  form'd  by  Lines  drawn  from 
the  Planet  to  the  Center  of  the  Sun ;  the  Arcs  A  B 
and  a  E  are  run  thro’  in  Times,  which  are  to  one 
another  as  the  Area’s  of  the  mix’d  Triangles 
A  F  B,  a  F  E. 

All  the  Planets  are  carried  the  fame  way,  and  94J 
their  Motion  in  their  Orbits  is  contrary  to  that 
Motion  which  we  obferve  daily  in  all  the  Cade- 
ftial  Bodies,  by  which  in  one  Day  they  feem  to 
be  carried  round  the  Earth;  of  which  hereafter. 

% 

D  EFINITION  XIII. 

A  Motion ,  fuch  as  is  that  of  the  Planets  in  their  9^6 
Orbits y  is  faid  to  be  in  Confequentia,  and  Direft. 


Defn 
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D  EFINITION  XIV. 

947  The  contrary  Motion  is  call'd  a  Motion  in  Ante¬ 
cedentia  ;  and  fometimes  Retrograde. 

948  The  more  d  fiant  the  Planets  are  from  the  Sun, 
the  /lower  they  move  in  their  Orbits  ;  fo  that  the  pe¬ 
riodical  Times  of  the  molt  diftant  ones  are 
greater,  both  becaufe  they  have  a  greater  Or¬ 
bie  to  run  thro*,  and  a  flower  Motion. 

Definition  XV. 

949  The  L  ine  which  pajfes  thro ’  the  Center  of  the  Pla~ 
net ,  and  about  which  it  moves,  is  call'd  the  Axis  of 
the  Pianet. 

950  ' The  Planets ,  at  leaft  mofl  of  them,  and  the  Sun 
it l elf  move  round  their  Axes ;  There  are  Two,  of 
which,  in  this  refpedt,  we  cou’d  make  no  Ob- 
fervations,  but  which  in  all  Probability  have  this 
Motion. 

951  This  Motion  agrees  or  confpires  with  the  Mo¬ 
tions  of  the  Planets  in  their  Orbits,  that  is,  it 
is  in  Confequentia. 

95  2  The  Axes  themfelves  are  mov'd  by  a  parallel  Mo¬ 
tion,  fo  that  all  the  Points  of  the  Axis  of  a 
Rauet  deferibe  equal  and  fimilar  Lines. 

Definition  XVI. 

953  The  Extremities  of  the  Axis  are  call'd  the  Poles 
of  the  Planet. 

9H  Plate  XX.  Fig.  1.]  Aftronomers  compare  to¬ 
gether  accurately  enough  the  Diftances  of  the 
Planets  from  the  Sun,  to  give  us  an  Idea  of  the 
whole  Syftem.  The  Dimenfions  of  the  Orbs 
are  reprefented  in  this  Scheme,  in  which  the 
Points  N  N  {hew  the  Nodes  of  each  Orb. 

955  Neverthelefs  we  cannot  compare  the  Dimensions 
of  this  Syftem  with  any  that  we  know  upon  the  Sur¬ 
face  of  the  Ea  xh  $  for  no  Aftro&pmer  will  aflert, 

that 
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that  the  Obfervations  made  concerning  fuch  a 
Comparifon,  are  free  from  Error. 

But  that  the  feveral  Parts  of  the  Syftem  may  956 
be  compar’d  together  ;  we  fuppofe  the  middle 
Diftance  of  the  Earth  Irom  the  Sun  divided  into 
1000  equal  Parts,  which  we  make  ufe  of  in 
measuring  the  other  Dimenfions. 

The  Sun  0,  as  was  faid  before,  is  agitated  9c7 
by  a  fmall  Motion  in  the  middle  of  the  Syftem ; 
it  moves  round  its  Axis  in  the  Space  of  25 
Days  :  And  its  Axis  is  inclin’d  to  the  Plane  of 
the  Ecliptic,  making  an  Angle  of  87  Deg.  30 
Min. 

Mercury  9,  is  the  leaf!  diftant  from  the  Sun  of  nS8 
any  of  the  Planets;  its  Mean  Diftance  from 
the  Sun  is  387,  its  Excentricity  8o,  the  Incli¬ 
nation  ot  its  Orbit,  that  is,  the  Angle  form’d 
by  the  Plane  of  its  Orbit  with  the  Plane  of  the 
Ecliptic  is  6  Deg.  52  Min.  it  performs  its  Re¬ 
volution  round  the  Sun  in  87  Days,  23  Hours. 

The  next  is  Venus  2,  whofe  Diftance  from  ncp 
the  Sun  is  723,  its  Excentricity  y,  the  Incli¬ 
nation  of  its  Orbit  3  Deg.  23  Min.  It  per¬ 
forms  its  Periodical  Motion  in  224  Days,  17 

Hours ;  and  its  Motion  round  its  Axis  is*per- 
form’d  in  23  Hours. 

The  third  Planet,  in  order  from  the  Sun,  is  960 
our  Earth  ©  ;  its  Mean  Diftance  from  the 
Sun  is  1000,  its  Excentricity  169  :  It  is  mov’d  in 
the  Plane  of  the  Ecliptick  ;  its  Periodical  Time 
is  3^5  Days,  5  Hours,  51  Min.  and  the  Motion 
about  its  Axis  is  perform’d  in  23  Hours,  5 6  Min. 

4  Seconds.  Its  Axis  makes  an  Angle  with  the 
Plane  of  the  Ecliptic  of  66  Deg.  31  Min. 

The  Mean  Diftance  of  Mars  <?  from  the  96 1 
Sun  is  1524,  its  Excentricity  141,  the  Inclination 
•  of  its  Orbit  1  Deg.  52  Min.  Its  Periodical 
Time  6S6  Days,  23  Hours.  Its  Revolution 

about 
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about  its  Axis  is  perform’d  in  24  Hours,  40 
Min. 

962  Jupiter  y,>  the  biggeft  of  all  the  Planets  is  di¬ 
ftant  from  the  Sun,  at  a  Mean  Diftance  5201, 
its  Eccentricity  250.  The  Inclination  of  its 
Orbit  1  Deg.  20  Min.  The  Periodical  Time 
4332  Days,  12  Hours.  And  its  Revolution  a- 
bout  its  Axis  in  9  Hours  and  5 6  Min. 

953  The  Mean  Diftance  of  Saturn  ft ,  the  moft 
diftant  Planet  from  the  Sun'Jis  9538,  its  Ex¬ 
centricity  547  3  the  Inclination  of  its  Orbit  2 
Deg.  30  Min.  The  periodical  Time  1075:9 
Days,  7  Hours.  It  is  encompafs’d  with  a  Ring 
which  does  not  touch  the  Planet,  but  never 
leaves  it :  This  Ring  is  not  vifible  without  a 
Telefcope. 

The  Mean  Diftance  being  given,  if  you  add 
the  Excentricity,  you  will  have  the  greateft  Di¬ 
ftance  ;  but  if  you  fubftrad  the  Excentricity 
from  the  mean  Diftance,  you  will  have  the  leaft 
*  836  Diftance/ 

964  The  three  Planets,  Mars,  Jupiter ,  and  Saturn , 
which  are  more  diftant  from  the  Sun  than  the 
Earth,  are  calld  the  Superior  Planets ;  Venus  and 
Mercury  are  call’d  the  Inferior  ones . 
s  Of  the  Primary  Planets ,  three  are  accompanied  by 
Secondary  ones. 

Five  Planets,  call’d  Satellites,  move  about 
Saturn;  four  about  Jupiter;  one  about  the 
Earth,  (viz,.)  the  Moon. 

The  fecondary  Planets,  except  the  Moon,  are 
not  vifible  to  the  naked  Eye. 

966  The  Satellites ,  by  Lines  drawn  to  the  Center  of  the 
Primary  Planets,  defcribe  Area’s  about  them ,  propor v 
tional  to  the  'times ;  as  has  been  faid  of  the  Prir 
mary  Planets  with  refpebt  to  the  Center  of  the 
*  944  Sun/'  % 
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The  Moon  moves  about  the  Earth  in  an  Ellipfe ,  967, 
one  of  vohofe  Foci  is  in  the  Center  oj  the  Earthy  from  ^58, 
which  the  mean  Diftance  of  the  Moon  is  60  ^<5^ 
Semidiameters  of  the  Earth  and  a  half  :  Its  Ex- 
centricity  is  liable  to  change ;  the  Mean  one  is  of 
3  Semidiameters  and  a  third.  The  Plane  oj  its 
Orbit  forms  an  Angle  with  the  Plane  of  the 
Ecliptick  of  5  Deg.  but  this  Inclination  is  not  con -  970 
ftanty  or  always  the  fame .  In  the  Motion  oj  the  Moon 
round  the  Earthy  neither  the  Line  oj  the  Nodesy  nor 
the  Line  of  the  Ap fides  is  carried  in  a  parallel  Mo¬ 
tion  \  but  the  Line  of  the  Nodes  Weftward,  or  in 
Antecedentia  ;  the  Lines  oj  the  Apjides  Eaftward,  or 
in  Confequentia ;  the  firffc  performs  its  Revolution 
in  about  9  Years,  the  fecond  in  19.  The  peri¬ 
odical  Time  of  the  Moon's  Motion  about  the 
Earth  is  27  Days  and  about  7  Hours ;  and  it  is 
turn'd  about  its  own  Axis  exactly  in  the  fame 
Time. 

Plate  XX.  Fig.  2.]  The  Firft  or  inmoft  of  the  971 
Satellites  of  Jupiter ,  is  diftant  from  Jupiter's 
Center  Diameters  of  Jupiter :  It  is  mov'd 
round  Jupiter  in  one  Day,  18  Hours,  28  Min. 

The  Diftance  of  the  Second  is  4  and  an  half 
Diameters  of  Jupiter :  Its  Periodical  Time  is  13 
Hours,  18  Min. 

The  Diftance  of  the  Third  is  7?  Diameters; 
its  Periodical  Time  7  Days,  4  Hours. 

The  Fourth  is  diftant  12  f  Diameters  :  It  per¬ 
forms  its  Motion  in  16  Days,  18  Hours,  5  Min. 

Plate  XX.  Fig.  3.]  The  Firft  or  inmoft  Satel-  972 
lite  of  Saturn  is  diftant  from  Saturn's  Center  \l 
of  a  Diameter  of  the  Ring  :  Its  Periodical  Time 
is  1  Day,  21  Hours,  18  Min. 

The  Diftance  of  the  Second  is  ij  Diameter 
of  the  Ring  :  Its  Periodical  Time  is  2  Days, 

17  Hours,  41  Min. 
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The  Diftance  of  the  Third  is  1  ’  Diameter  of 
the  Ring:  Its  Periodical  Motion  is  4  Days,  ij 
Hours,  47  Min. 

T  he  Diftance  of  the  Fourth  is  4  Diameters  of 
the  Ring,  its  Periodical  Time  i*  Days,  22 
Hours,  4 1  Min.  *  * 

The  Diftance  of  the  Fifth  is  1 2  Diameters  of 
the  Ring;  its  Periodical  Time  is  70  Days  7 
Hours,  53  Min. 

5173  Concerning  the  Motion  of  thefe,  as  alfo  of 
the  Satellites  of  Jupiter  about  their  Axes,  we 
can  hitherto  determine  nothing  certain  from  A- 
ftronomical  Obfervations. 

If  we  take  Notice  of  the  Diftances  and  Peri¬ 
odical  Times  of  the  Planets,  we  fhall  find  that 
the  following  Rule  holds  good  in  our  Syftem, 
wherever  feveral  Bodies  are  mov’d  round  the 
fame  Point,  that  is,  about  the  Sun,  Saturn,  and 
974  Jupiter ;  (viz, )  the  Squares  of  the  Periodical  Times 
are  to  one  another ,  as  the  Cubes  of  the  Mean  Diftan¬ 
ces  from  the  Center . 

975  Plate  XX.  Fig.  4.]  To  give  a  Notion  of  the 
Dimenfions  of  the  Bodies  themfelves  in  our  Sy- 
ftem,we  have  contriv’d  the  fourth  Figure  in  which 
all  the  primary  Planets,  and  Saturn’s  Ring,  are  de- 
fcrib  d,  according  to  their  Dimenfions  ;  the  Sun, 
whofe  Magnitude  exceeds  all  the  reft,  is  repre¬ 
sented  by  the  greateft  Circle  (  Fig  i  )  that  is,  the 
Circle  which  terminates  the  Figure. 

Thefe  Dimenfions  reprefent  the  Proportions 
of  the  Bodies  one  to  another  exa&ly  enough,  if 
you  except  the^Earrh,  which,  for  the  Reafon 
*955  already  mention’d,*  cannot  be  fo  compar’d  with 
the  other  Bodies,  as  to  leave  no  room  to  doubt 
what  Proportion  it  bears  to  them. 

91  &  Yet  the  Earth  f  Diameter  may  le  mea far'd, and  con¬ 

tains  3400 669  Perches,  each  of  which  is  equal  to 
1 2  Rhynland  Feet  3  but  altho’  the  Diameters  of  the 

other 
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1  other  Planets  may  be  compar’d  together,  and 
I  with  the  Sun  s  Diameter,  yet  it  can’t  be  deter- 
I  min’d  how  many  Feet  they  contain,  till  alter 
Obfervations  (hall  be  made  at  a  proper  Time 
hereafter. 

Of  the  Bodies  that  make  up  the  Planetary  977 
Syftem,  the  Moon  only  can  be  compar'd  to  the  Earth ; 
i  its  Diameter  being  to  the  Diameter  of  the 
!  Moon,  as  40  to  1 1. 

The  other  fecondary  Planets  are  not  meafufd  by  978 
Aftronomers ,  but  it  can’t  be  doubted,  but  that 
fome  of  them  are  bigger  than  the  Earth. 

Belides  the  Bodies  already  mention’d,  there  979 
are  others  in  the  Planetary  Syftem,  which  are 
1  vifible  for  a  Time,  as  they  come  near  the  Sun, 

!  and  then  recede  from  it,  and  become  invifibie  ; 

I  they  are  call’d  Comets.  They  appear  meft  com -  980 
1  monly  with  Tails ,  and  the  Tail  is  always  turn  d  from 
the  Sun  ;  in  their  Motion  they  defenbe  Area  s>  by 
Lines  drawn  to  the  Center  of  the  Sun,  proportional  ♦ 

I  to  the  Times ,  as  has  been  fa  d  of  the  Planets/'  966 

As  to  Comets ,  it  is  probable  that  they  move  in  el-  981 
1  liptic  Orbits  that  are  very  eccentric  ;  fo  that  they 
i  are  invifibie,  when  they  are  in  that  Part  o^  the 
I  Orbit  which  is  mod  diftant  from  the  Sun  ;  which 
i  is  deduc’d  from  the  Periods  of  fome  of  them, 

I  that  have  been  obfer/d  to  be  pretty  regular : 
i  And  it  is  plain  from  Obfervations,  that  fome  ^82 
1  have  deferib'd  in  their  Motion  Portions  of  very  ex- 
1  ttntric  Eclipfes ,  in  one  of  whofe  Foci  was  the  Center 

\  $f  the  Sun .  .  c 

The  Notion  that  we  have  hitherto  given  ot 

I  the  Planetary  Syftem,  is  founded  upon  Aftrono- 
1  mical  Obfervations ;  and  what  we  have  already 
I  faid  admits  of  no  Difpute  among  Aftronomers, 
i  it  we  except  what  relates  to  the  Elliptic  Line 
i  and  the  Motion  of  the  Earth. 


Some 


I 


160  Mathematical  Elements  Book  IV* 

Some  affirm  that  the  Orbits  of  the  Planets 
are  not  Elliptic,  but  that  in  their  Motion  they 
defcribe  another  Oval :  Kepler  has  deduc’d  from 
Tycho  Brahes  Obfervations,  that  thefe  Lines  are 
Elliptic  •  and  we  fhall  fliew  in  the  following 
Part,  that  no  other  Curves  can  be  defcrib’d  by 
the  Planets. 

Thofe  that  fay  the  Earth  is  at  reft,  have  no 
Aftronomical  or  Phyfical  Argument  for  a  Foun¬ 
dation  of  their  Opinion ;  that  is,  don’t  reafon 
from  Phenomena  :  Negle&ing  the  Simplicity  of 
the  Syftem,  and  the  Analogy  of  the  Motions* 
they  aflert  that  their  Opinion  is  not  contrary 
to  Obfervations,*  in  which  they  err,  as  we  fhall 
fliew  in  the  following  Part. 


CHAP.  II. 

Concerning  the  apparent  Motion . 

WH  O  E  V  E  R,  after  having  read  the  for¬ 
mer  Chapter,  looks  upon  the  Heavens* 
will  fcarcely  believe,  that  he  beholds  the  Syftem 
which  is  explain’d  there ;  and  a  more  exaCfc 
Confederation  of  the  heavenly  Motions  will  en- 
983  crea^e  ^°ubt.  No  wonder,  fince  we  can  ob- 
ferve  very  little  in  the  Heavens  but  falfe  Appear¬ 
ances. 

The  common  Obferver  of  the  Heavens,  is  a 
Spedator,  who  thinking  himfelf  to  be  at  reft, 
is  carried  about  by  various  Motions,  and  be¬ 
holds  Bodies,  concerning  whofe  Diftance  and 
Magnitude  he  makes  falfe  Judgments.  The  true 
Syftem  of  the  World  was  unknown  for  many 

Ages,  even  to  the  moft  exaCt  Obfervers  of  the 
Heavens. 
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But  we  mud  explain  how  all  Things  which 
are  obferv’d  in  the  heavenly  B odksy  have  P/ace 
in  the  Sydem  that  has  been  explained,  in  refpe& 
ol  a  Spectator  upon  the  Earth  ,*  that  is,  we  dial  I 
deduce  the  Appearances  from  the  True  Motions, 
Which  cannot  be  done,  unlefs  we  fird  lay  down 
Tome  general  Things  concerning  the  apparent 
Motion  in  general.  j  n 

It  is  certain,  that  we  have  no  Art,  by  which 
we  can  difcover  the  true  Motion,  only  the  rela¬ 
tive  Motion  can  be  perceiv'd  by  theSenfes  •  and 
it  is  that  only  concerning  which  we  treated  in 
the  former  Chapter:  Who  can  reafonably  affirm 
'  or  deny,  that  all  the  Bodies  which  are  known 
to  us,  are  not  carried  in  a  common  Motion 
thro’  the  immenfe  Spaced  ? 

The  Relative  Motion  is  to  be  diflinguiftid  from  the 
Apparent  one  ;  for  the  apparent  Motion  is  the  ^  5 
Change  which  appears  to  be  in  the  Situation  of 
the  Bodies,  and  depends  upon  the  Change  of 
the  Pi&ure  in  the  bottom  of  the  Eye ;  for  "Ob¬ 
jects  have  the  fame  apparent  Relation  to  one 
another,  as  their  Reprefentations  have  in  the 
Eye;  for  they  are  feen  as  they  are  painted  in  the 
Eye  and  the  Change  in  that  Picture  from  the  *71$ 
Motion  of  the  Bodies,  mod  commonly  differs 
from  the  Change  of  the  Relation  between  the 
Bodies  themfelves  ;  as  follows  from  the  Forma¬ 
tion  of  that  Pidture. 

The  Heavens  are  nothing  but  an  immenfe  Space , 
which  cannot  be  feeny  and  wou’d  appear  black,*  *  84> 
if  innumerable  Rays  of  Light  flowing  from  the 
heavenly  Bodies  did  not  continually  penetrate 
our  Atmofphere.  Mod  of  them  come  to  us 
from  the  Bodies  in  right  Lines,  yet  a  great  ma¬ 
ny  fuffer  various  Reflexions  in  the  Atmofphere, 
and  enlighten  the  whole  Atmofphere  ;  which  is 
the  Reafon  that  in  the  Day,  Bodies  are  enlight- 

V  o  l.  II.  M  en’d. 
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en’d,  even  without  the  Reflexion  of  the  Clouds, 
to  which  the  Rays  of  the  Sun  cannot  come  di- 
re&ly. 

Thefe  Rays  are  heterogeneous  and  white ;  for 
there  are  Bodies  enlighten’d  by  thefe  Rays  which 
appear  white :  And  thefe  Bodies  feen  through 
Prifms,  at  the  Extremities,  are  ting’d  with  Co¬ 
lours,  which  does  not  happen  in  an  homogeneous 

*  874  Colour  ;*  alfo  a  Circle  of  white  Paper,  of  half 

an  Inch  Diameter,  being  put  upon  black  Cloth, 
if  it  is  enlighten’d  by  thefe  Rays,  it  will  appear 

*  861  oblong  thro’  the  Prifm;*  and  the  fame  Colours 

which  are  obferv’d  in  the  Rays  of  the  Sun,  are 
feen  here  in  the  fame  Manner ;  all  which  Things 
wou’d  not  happen,  if  the  Air,  as  many  think, 
was  a  blue  Liquid ;  that  is,  thro’  which  only 
the  Sun’s  blue  Rays,  at  lead  moftly  fuch,  pafs. 

9%  7  When  we  look  at  the  black  Sky ,  the  white  Rays, 

beforemention’d,  enter  our  Eyes ,  whence  the  blue 
Colour  of  the  Sky  arifes „  Becaufe  we  are  accuftom’d 
to  fee  a  Colour  where  there  is  a  colour’d  Objed , 
we  alfo  refer  the  Colour  of  the  Heavens  to  an 
Objed  ;  but  fince  this  is  feen  equally  towards 

^33  all  Parts,  we  conceive  a  concave  fpherical  Surface , 
in  whofe  Center  we  are  plac'd ;  we  imagine  this  Sur¬ 
face  to  be  opaque,  and  therefore  diftant  from  us  be¬ 
yond  all  vifible  Bodies. 

When  a  Body  is  between  a  Plane  and  the  Eye, 
of  whofe  Diftance  we  cannot  judge,  the  Body 
appears  to  us  to  be  applied  to  the  Plane,  whatfo- 
ever  the  Diftance  is  between  that  and  the  Plane; 
for  there  is  no  Reafon  why  the  Parts  of  the 
Plane,  which  are  painted  at  the  Sides  of  the  I- 
mage  of  the  Body  in  the  Eye,  fhou’d  not  ap¬ 
pear  at  the  fame  Diftance  with  the  Body. 

Thence  alfo  all  the  celeftial  Bodies  (of  which 
the  leaft  diftant  from  us,  (viz.)  the  Moon)  is 
yet  fo  remov’d,  that  we  can  give  no  Judgment 

of 
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ot  its  Diftance,*  are  referr’d  to  that  imaginary  *  732 
Sphere  above-mention  d  y  and  they  all  appear  equally 
diftant ,  and  feem  to  move  in  the  Surface  of  a  concave 
Sphere.  So  the  Moon  appears  to  be  amongft 
the  fix'd  Stars,  aitho;  its  Diflance  bears  fcarcely 
any  fenfible  Proportion  to  the  Diftance  of  Sa¬ 
turn  ;  and  the  Diftance  even  of  Saturn  itfelf  is 
nothing,  compar'd  with  the  immenfe  Diftance 
of  the  fix'd  Stars.  It  is  no  Wonder  therefore, 
that  the  common  People  know  nothing  of  the 
Magnitude  of  the  celeftial  Bodies,  and  the  Im- 
menfity  of  the  Heavens. 

We  fee  from  what  has  been  faid,  how  the 
Motion  of  any  Body  being  given,  and  the  Mo¬ 
tion  of  the  Earth  being  known,  the  apparent 
Motion  may  be  determin'd. 

We  have  faid  that  a  Sphere  is  imagin'd  be¬ 
yond  the  fix'd  Stars,  in  whofe  Center  is  the 
Spectator  s*  The  Orbit  of  the  Earth  is  fo  fmall  *988 
in  refped  of  the  Diameter  of  this  Sphere,  that 
the  Center  of  the  Sphere  is  not  fenfibly  chang'd 
by  the  Alteration  of  the  Place  of  the  Spe&ator, 
whilft  he  is  carried  along  with  the  Earth.  Where¬ 
fore  in  all  the  Points  of  the  Earth' s  Surface^  and  at  990 
any  Time,  the  Inhabitants  of  the  Earth  imagine  the 
fame  Sphere ,  to  which  they  refer  the  heavenly  Bodies  ; 
and  which  hereafter  we  fhall  call  the  Sphere  of 
the  fix  d  Stars. 

Thefe  Things  being  laid  down,  if  we  conceive  991 
a  Line  to  be  drawn  thro '  the  Earth ,  and  a  Body , 
which  being  continued  beyond  the  Body ,  cuts  the  afore - 
faid  Sphere  ;  we  have  a  Point ,  to  which  the  above- 
mention'd  Body  is  referr'd,  and  which  is  the  ap¬ 
parent  Place  of  that  Body. 

Whilft  the  Body,  or  the  Earth,  or  both  are 
mov'd,  this  Line  is  mov'd  alfo,  and  the  apparent  992 
A lotion  is  the  Line ,  which  is  defer ib' d  amongfl  the 
fix  d  Stars  by  the  Extremity  of  the  Line  above- 
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mention’d,  ’which  goes  thro  the  Earth  and  the  Bodyy 
vjhofe  apparent  Motion  is  obferv  d. 

£>03  Therefore  the  fame  Appearances  will  follow  from 
the  Earth's  being  mov d  out  of  its  Place ,  as  if  the 
Body  had  been  mov  dy  and  the  fame  alfo  may  be  de¬ 
duc’d  from  the  Motion  of  both . 

994  But  if  the  Body  and  the  Earth  be  fo  ?novd,  that 
the  Line  which  pajfes  thro’  thefe  Bodies  be  carried  in 
a  parallel  Motion ,  the  Body  will  feem  to  be  at  reft 
among  ft  the  fix’d  Stars ;  becaufe  in  this  Cafe,  the 
Space  gone  through  by  the  End  of  the  Line 
amongft  the  fix’d  Stars,  cannot  exceed  the  Space 
gone  thro'  by  the  Earth ;  but  the  Line  that  is 
equal  to  the  whole  Space  which  the  Earth  can 
go  thro’,  at  fo  great  a  Diftance  as  the  fix’d 
Stars,  is  not  fenfible.  to  us. 

995  From  the  Motion  of  the  Earth  round  its  Axis  there 
is  alfo  produc’d  an  apparent  Motion ,  which  will  be 
eafily  deduc’d  in  its  proper  Place  from  the  Foun¬ 
dation  laid  down  in  this  Chapter. 

That  the  apparent  Motion  differs  from  the 
.relative,  and  is  varied  by  the  Motion  of  the 
Spe&ator,  is  what  Sailors  every  Day  obferve. 


CHAP.  III. 

Of  the  Phenomena  or  Appearances  of  the  Sun 
from  the  Motion  cf  the  Earth  in  its  Orbit . 

Plate  XXL  Y  ET  the  Sun  be  at  S,  and  the 

Fig.  1.]  Jl _ \  Earth  in  its  Orbit  at  T ;  and 

let  n  be  the  Sphere  of  the  fixM  Stars ;  the  ap- 
*991  parent  Place  of  the  Sun  will  be  at  s*  PFhen 
QQij  the  Earth  is  carried  in  its  Orbit  from  T  to  ty  the 
Sun  feems  to  move  in  Confequentia,  and  to  run 
^992  thro5  the  Arc  s  rfi  which  meafures  the  Angle  rSs 
equal  to  the  Angle  T  S  t3  fo  that  the  Celerity  of 

the 
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the  apparent  Motion  of  the  Sun,  depends  upon 
the  Celerity  of  the  angular  Motion  of  the  Earth, 
with  refped  to  the  Center  of  the  Sun  •  which 
Motion  encreafes  upon  a  double  Account ;  on 
account  ot  the  Diftance  from  the  Sun  being  lefi- 
fen'd,  and  the  Celerity  of  the  Earth  being  en- 
creas’d :  Both  which  Caufes  always  concur;*  *944 
therefore  the  Inequality  of  the  apparent  Motion  of  the  797 
Sun  is  fenfihle.  In  a  whole  Revolution  of  the  Earth ,  998, 
the  Sun  alfo  feems  to  run  thro ’  a  whole  Circle. 

Definition  I. 

This  apparent  Way  of  the  Sun  is  call'd  the  Eel  ip-  999 
tic  Line.  It  is  the  Se&ion  of  the  Sphere  of  the 
fix’d  Stars  with  the  Plane  of  the  Ecliptic,  fup- 
pos’d  to  be  continu’d  to  this  Sphere. 

This  Way  is  divided  into  12  equal  Parts,  each 
of  which  contain  30  Deg.  thefe  Parts  are  call’d 
the  Signs,  and  are  diftinguifh’d  by  thefe  Names ; 

Aries  y,  "Taurus  £5,  Gemini  it,  Cancer  Leo  ff, 

Virgo  nr  y  Libra  =£,  Scorpius  «I,  Sagittarius  /,  Ca¬ 
pricorn  Aquarius  zz,  Pifces  >f .  Whence  thefe 
Parts  have  their  Names,  we  fhali  explain  when 
we  treat  of  the  fix’d  Stars. 

The  Sun  is  longer  in  going  thro ’  the  fix  fir  ft  Signs ,  IOOO 
than  the  fix  laft ,  and  the  Difference  is  nine  Days. 

Altho’  a  Circle  has  neither  Beginning  norIOor 
End,  yet  when  feveral  Points  muft  be  deter¬ 
min’d  in  it,  fome  Point  muft  be  taken  as  the  Be¬ 
ginning  ;  this  in  the  Ecliptic  Line  is  the  fiff  Point 
of  Aries;  we  fhali  (hew  how  it  may  be  deter¬ 
min’d  hereafter.  It  is  not  fix’d  to  one  Place 
amongft  the  fix’d  Stars  ;  therefore  the  Orbits  0/1002 
the  Planets ,  which  alter  fo  little,  that  they  may 
be  look’d  upon  as  unchangeable  ,*  don  t  prefer ve  *  929 
the  fame  Situation  in  refpeEl  of  this  Point. 


D  E  F  I- 
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Definition  II. 

1003  T he  Diftance  of  the  Sun  from  the  fifl  Point  of 
Aries,  meafur’d  in  confequentia,  is  call  d  the  Sun,S 
Longitude. 

1004  The  Longitudes  of  the  other  heavenly  Bodies  are 
meafur  d  after  the  fame  manner  in  the  Ecliptic ;  they 

1005  are  leferrd  to  this  Line ,  by  conceiving  a  great  Circle 
to  pafs  thro*  the  Body ,  and  cut  the  Ecliptic  perpendi¬ 
cularly  ;  for  the  Point  in  which  the  Ecliptic  is 
cut  by  this  Circle,  determines  the  Longitude  of 
the  Body. 

Definition  III. 

1006  rIhe  Diftance  of  a  heavenly  Body  from  the  Eclip¬ 
tic,  is  call'd  its  Latitude.  It  is  meafur’d  by  an 
Arc  of  a  great  Circle,  perpendicular  to  the  E- 
cliptic,  intercepted  between  the  Body  and  the 
Ecliptic. 

Definition  IV. 

1007  If  we  imagine  a  Line  to  go  thro’  the  Center  of  the 
Sphere  of  the  fix’d  Stars ,  and  perpendicular  to  the 
Ecliptic ,  the  Points  in  which  this  cuts  the  above-men¬ 
tion  d  Sphere,  are  call  d  the  Poles  of  the  Ecliptic. 

Definition  V. 

1008  The  Zodiac  is  a  Zone  which  is  imagin’d  in  the 
Heavens,  which  the  Ecliptic  Line  cuts  into  two  equal 
Parts,  and  which ,  on  either  fide,  is  terminated  by  a 
Circle  parallel  to  the  Ecliptic  Line,  and  eight  Degrees 
diftant  from  it .  On  Account  of  the  fmall  Incli¬ 
nations  of  the  Orbits  of  the  Planets,  and  the 
Moon  to  the  Plane  of  the  Ecliptick,  no  Bodies 

loop  of  the  Planetary  Syftem  appear  without  the  Zo¬ 
diac. 


D  efi* 


Definition  VI. 

Thofe  of  them  that  have  the  fame  Longitude  areioio 
faidtobe  in  Conjun&ion. 

Definition  VII. 

Thofe  zuho/e  Longitudes  differ  180  Deg.  are  faid  io  1 1 
to  be  in  Oppofition. 


CHAP.  IV. 

Of  the  Phenomena  of  the  Inferior  Planets , 
arifing  from  the  Earth's ,  and  their  own 
Motions  in  their  Orbits . 

Plate  XXL  TT  E  T  S  be  the  Sun,  AV  B  v  the 
Fig.  2.]  1  j  Orbit  of  an  Inferior  Planet; 

let  T  be  the  Earth  in  its  Orbit ;  and  a  v  b  Part 
of  the  Sphere  ol  the  fix'd  Stars ;  the  apparent 
Place  of  the  Sun  is  v.*  ♦ 

If  from  the  Earth  there  be  drawn  to  the 
Orbit  of  the  Planet  the  Tangents  TArf,  T  B  b> 
it  is  evident  that  the  Planet,  in  its  apparent  Mo¬ 
tion,  is  never  remov’d  farther  from  the  Sun,  than 
the  Diftance  v  a>  or  v  b  ;  and  that  the  Planet 
accompanies  it  in  its  apparent  Motion  round 
the  Earth. 

Definition  I. 

The  apparent  Di fiance  of  the  Planet  from  the  Sun  IOi  z 
is  call'd  its  Elongation  ;  v  a  or  v  b  is  the  greatefi 
Elongation:  This  varies  upon  two  Accounts ;  1013 
(viz,.)  becaufe  the  Earth  and  the  Planet  both  re¬ 
volve  in  elliptic  Lines  *  *  929 

ihe  Planet  performs  its  Motion  fooner  than  10 14 
the  Earth  ;*  therefore,  in  its  Motion ,  it  paffes  be-  *  948 

tween  the  Earth  and  the  Sun ,  and  then  moves  be- 
*  * 

M  4  yond 
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yon d  the  Sun  in  refpeVt  of  the  Earth :  So  that  it  is  in 
Conjunction  with  the  Sun  in  two  manners ,  but  never 
in  Oppofition . 

That  we  may  have  an  Idea  of  the  apparent 
Motion  oi  the  Planet,  we  rnufl  conceive  the 
Lines  T  T  S  v,  TA  a>  to  move  along  with 
the  Earth  •  fo  that  the  Points  A,  V,  B,  and  v9 
whilft  the  Earth  performs  its  Revolution,  may 
run  thro’  the  Orbit  of  the  Planet ;  but  the  Pla¬ 
net,  ?  which  moves  fwifter ,  paffes  fucceflively 
thro5  thefe  Points  over  and  over. 

1015  When  it  is  carried  in  its  Orbit  from  V  to  D, 
it  feems  to  move  amongft  the  fix’d  Stars  from 
v  ,  to  d;  in  tnis  i^aie,  the  apparent  Motion  is  in  An- 
ioi<5te^edeiitia,  and  the  Vianet  is  Retrograde.  In  D  it 
is  faid  to  be  Stationary  ;  becaufe  it  appears ,  for 
feme  Time,  in  the  fame  Place  amongft  the  fix3 d  Stars : 
This  obtains,  when  the  Orbit  of  the  Planet,  in 
the  Place  in  which  the  Planet  is,  is  fo  inclin’d 
to  the  Orbit  of  the  Earth,  in  the  Place  in  which 
the  Earth  is,  that,  if  the  Line  t  d  be,  drawn  pa¬ 
rallel  to  the  Line  TD,  and  at  a  fmall  Diftance 
from  it,  I)  d  be  to  *Tt  as  the  Celerity  of  the  Planet 
in  its  Orbit,  to  the  Celerity  of  the  Earth ;  thefe 

*  53  L|nes  are  run  thro’  in  the  fame  Time;*  and  the 

Line  which  is  drawn  thro’  the  Earth  and  the 
I  lanet,  is  cairied  in  a  parallel  Motion ;  for  which 

Reafon  the  apparent  Place  of  the  Planet  is  not 

*  994  chang’d* 

Between  d  and  B  the  Orbit  of  the  Planet  is 
more  inwdn  d  to  the  Orbit  of  the  Earth  ;  where* 
fore  the  Extremity  oi  the  Line  palling  thro’  the 
Earth  and  the  Planet  faltho’  the  Planet  moves 
1017  fwifter  than  the  Earth)  is  carried  in  Conferentia  ; 
towards  which  Part  alfo  the  apparent  Motion  of  the 

*  991  Planet  is  directed*  Yet  fince  the  apparent  Mo¬ 

tion  oi  the  Sun  exceeds  the  apparent  Motion  of 
the  Planet,  the  Elongation  is  encreas’d,  which 

becomes 
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becomes  greateft,  when  the  Planet  is  at  B. 
Whiift  the  Planet  goes  thro' the  Arc  Bv,  its 
apparent  Motion  is  alfo  in  Confequentta ,  and  ex¬ 
ceeds  the  Apparent  Motion  of  the  Sun,  to  which 
it  is  coming,  and  then  goes  beyond  it,  receding 
from  it,  till  it  comes  to  A.  Between  A  and  E 
the  Motion  in  Confequentia  is  continu'd  ;  but  the 
Sun,  whofe  apparent  Motion  in  this  Cafe  is 
fwitcer,  as  has  been  explain'd  concerning  the 
Arc  dBy  comes  towards  the  Planet,  and  the 
Elongation  is  diminish'd.  At  E,  in  the  fame  1018 
Manner  as  at  D,  the  Planet  is  Stationary,  between 
E  and  V  it  is  again  Retrograde. 

The  Orbit  of  the  Planet  is  inclin'd  to  the 
Plane  of  the  Ecliptic;*  therefore  it  does  not*  9^, 
Jeem  to  move  in  the  Ecliptic  Line ,  hut  fometimes  959 
lefs,  fometimes  more  diftant  from  it,  and  appears 
to  he  carried  in  an  irregular  Curve ,  which  fometimes 
cuts  the  Ecliptic. 

Plate  XXI.  Fig.  3.]  Let  N  V  N  be  the  Or¬ 
bit  ol  the  Planet,  whofe  Nodes  are  NN;  let  S 
be  the  Sun  ;  T  t  the  Orbit  of  the  Earth  in  the 
Plane  of  the  Ecliptic  ;  the  Earth  T;  the  Planet 
V.  h  VA  be  imagin’d  to  pafs  thro'  the  Pla¬ 
net,  and  to  be  perpendicular  to  the  Plane  of  the 
Ecliptic,  the  Angle  VTA,  or  rather  the  Arc 
which  meafures  it,  is  the  Latitude  of  the  Pla¬ 
net  :*  This  is  call'd  the  Geocentric  Latitude ,  to  di-*ioo6 
ftinguifh  it  from  the  Latitude  of  the  Planet  feen 
from  the  Sun,  which  is  call’d  the  Heliocentric  La¬ 
titude,  and  is  in  that  Cafe  the  Angle  V  S  A  ; 
here  we  fpeak  of  the  Geocentric  Latitude ,  becaufe 
we  examine  the  Phenomena  as  they  appear  from 
the  Earth. 

When  a  P lanet  is  in  the  Node ,  it  appears  hi  the  1019 
Ecliptic  Line ;  and  the  Curve,  which  is  defcri b’d 
by  the  Planet,  by  its  Apparent  Motion  in  the 
Zodiac,  cuts  the  Ecliptic  Line;  as  the  Planet  1020 
»  J  recedes 
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recedes  from  the  Node,  its  Latitude  is  encr  eas’d, 
which  is  alfo  different,  according  to  the  Situation  of 
the  Earth  $  fo  the  Planet  remaining  at  V,  the 
Latitude  is  greater  if  the  Earth  be  at  TV  than  if 
it  was  at  t.  Now,  if  the  Earth  remaining  in 
its  Place,  we  imagine  the  Planet  to  be  carried 
from  V  to  v ;  the  Angle  v  T  B  will  be  lefs  than 
the  Angle  VTA  upon  a  double  Account,  from 
the  Planet  coming  nearer  the  Node,  and  the 
Spe&ator  being  mov’d  farther  off. 

Now,  if  we  confider  that  both  the  Earth  and 
the  Planet  are  continually  mov’d,  we  (hall  eafily 
conceive  that  the  Latitude  is  chang’d  every  Mo¬ 
ment  from  each  Caufe,  which  fometimes  a£t 
contrariwife,  and  fometimes  confpire  in  encrea- 
fing  and  diminifliing  the  Latitude;  whence  it 
neceffarily^ follows,  that  the  Apparent  Motion 
is  perform’d  in  an  irregular  Curve,  which,  as 
was  faid  before,  cuts  the  Ecliptic  as  often  as 
the  Planet  paffes  the  Node,  that  is,  twice  in 
each  of  its  Revolutions ;  this  Curve  alfo  does 
not  recede  from  the  Ecliptic,  on  either  Side,  be¬ 
yond  certain  Limits  in  the  Zodiac. 

We  difcover  alfo  fome  remarkable  Pheno¬ 
mena  of  the  inferior  Planets  by  means  of  the  Te- 
lefcope,  which  are  owing  to  their  Opacity. 

Plate  XXI.  Fig.  4.]  Let  S  be  the  Sun,  T 
the  Earth,  A,  B,  C,  v,  D,  E,  V,  an  inferior  Pla¬ 
net,  ex.gr.  Venus  in  its  Orbit.  This  Planet 
fhines  with  Light  borrow'd  from  the  Sun,  and 
that  Hemifphere  only  which  is  turn’d  to  the  Sun 
is  enlighten’d,  the  other  Hemifphere  is  invifible  : 
Therefore  that  Part  only  of  the  enlighten’d  He¬ 
mifphere  which  is  turn’d  to  the  Earth,  can  be 
feen  from  it ;  in  V  the  Planet  cannot  be  feen ; 
in  v  it  wou’d  appear  round,  if  the  Suns  Rays 
did  not  hinder  it  from  being  feen. 
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Going  from  v  the  Planet  continually  decreafes  •>  iqzi 
at  D  it  has  the  Figure  d ;  at  e  and  /  it  is  drawn, 
as  it  appears  at  E  and  F,  and  continues  to  de- 
creafe,  till  it  vanijhes  at  V,  and  then  again  encrea- 
fes  fuccejjively,  changing  its  Figure,  ’till  the  whole 
enlighten'd  Hemifphere  be  turn’d  towards  the 
Earth. 

When  the  Node  is  at  V,  or  near  it,  the  Pla -  \0iz 
net  appears  in  the  very  Disk  of  the  Sun ,  and  as  it 
were  apply  d  to  it,  and  is  obfervd  as  a  black  Spot 
1 which  moves  on  the  Sun  s  Surface  ;  in  this  Cafe, 
properly  fpeaking,  we  don’t  fee  the  Pianet,  but 
we  perceive  where  it  intercepts  the  Sun’s  Rays. 

Fhe  lefs  diftant  the  Planet  is  from  the  Earth ,  the  1023 
greater  it  appears  f  and  the  more  lucid  ;  but  as  it  *  732 
comes  nearer  the  Earth,  the  lucid  Part  that  is 
vifibie  is  lefs,  fo  that  on  one  Account  the  Light 
encreafes,  and  on  another  it  is  diminifti’d  ;  and 
there  is  a  Diflance  at  which  the  refieBed  Light  is 
great  eft. 


CHAP.  V. 

Concerning  the  Phenomena  of  the  Superior 
Planets ,  arifing  from  their  Motions  and  the 
Motion  of  the  Earth  in  their  refpeBive 
Orbits . 


THE  Apparent  Motions  of  the  Superior 
Planets  do  in  many  Things  agree  with 
what  has  been  explain’d  in  refped  of  the  Infe¬ 
rior  Planets,  and  in  many  Things  difagree.  Fhey  1024 
do  not  always  accompany  the  Sun,  but  are  often  ob- 
ferv  d  in  Oppofition ;  but  in  their  Oppofition  ( as 
has  been  faid  of  the  Inferior  Planets)  they  do  not  1025: 
always  feem  to  be  carried  in  Confequentia,  but  often 
appear  Stationary ,  and  often  Retrograde . 
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102 6  Plate  XXII.  Fig.  i.]  Let  M  be  a  Superior 
Planet ,  for  Example,  Mars  in  its  Orbit,  ATHB 
the  Orbit  of  the  Earth.  The  Periodical  Time 
of  the  Earth  is  (horter  than  the  Periodical  Time 

*  948  of  Mars  *;  therefore  the  Earth  in  its  Motion 

goes  between  it  and  the  Sun ;  in  which  Cafe  the 
Planet  appears  at  F,  amongft  the  fix'd  Stars  op - 
pojtte  to  the  Sun .  Thro5  M  draw  the  Lines  B  M, 
AM,  that  touch  the  Earth's  Orbit,  which  be¬ 
ing  continued,  go  to  G  and  D  in  the  Sphere  of 
the  fix'd  Stars.  Let  us  imagine,  that  whilft  the 
Planet  is  carried  about  in  its  Orbit,  thofe  Lines 
are  alfo  moved  ,*  fo  that  the  Points  A  and  B,  in 
which  the  Lines  that  go  thro'  the  Planet  touch 
the  Orbit  of  the  Earth,  perform  a  Revolution 
in  the  Periodical  Time  of  the  Planet.  Now 
fince  the  Earth  revolves  fafter,  it  pafles  thro*  the 
Points  A  and  B  in  its  Motion.  In  this  Motion 
the  Apparent  Place  of  the  Planet  feen  from  the 
Earth,  is  not  remov'd  from  the  Place  of  the  Pla¬ 
net  feen  from  the  Sun  beyond  F  D  and  F  G. 
Let  T  be  fuch  a  Point  in  the  Orbit  of  the 
Earth,  that  the  Line  tm  being  drawn,  may  be 
parallel  to  TM;  let  T*  be  to  M my  as  the  Ce¬ 
lerity  of  the  Earth  to  the  Celerity  of  the  Pla¬ 
net;  in  which  Cafe  thefe  fmall  Lines  are  gone 

*  53  thro'  in  the  fame  Time  ;*  in  the  mean  Time  the 

4  o94  Planet  feems  to  be  at  reft,*  and  is  faid  to  be 

Stationary.  In  the  fame  Manner  it  is  ftationary 
when  the  Earth  is  at  H.  In  the  Motion  of  the 
Earth  between  T  and  H,  the  Planet  appears  to 
move  in  Antecedentia  from  E  thro’  F,  and  is  faid 
to  be  Retrograde ;  whilft  the  Earth  goes  thro' 
the  reft  of  its  Orbit,  the  Planet  is  dired. 

1027  The  Phenomena  which  relate  to  the  Lati¬ 
tude  are  like  thofe  which  have  been  explain'd  in 

*10  erefped  to  the  inferior  Planets.* 
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Jupiter  and  Saturn  encompafs  the  Orbit  of  1028 
the  Earth  at  a  great  Diftance  ;  wherefore  almoffc 
their  whole  Hemifpheres  which  are  enlighten’d 
by  the  Sun,  are  vilible  from  the  Earth;  and 
therefore  thefe  Planets  always  appear  round. 

Becaufe  Mars  is  lefs  diftant,  it  appears  a  little  1029 
gibbous,  between  the  Conjunction  and  Oppojition  with 
the  Sun . 


CHAP.  VI. 

Concerning  the  Phenomena  of  the  Satellites , 
from  their  Motion  in  their  Orbits .  Where 
we  fall  /peak  of  the  Eclipfes  of  the  Sun 
and  Moon. 

4 

1  * 

TH  E  Satellites  of  Jupiter  and  Saturn  do  al- 1030 
ways  accompany  their  Primaries  in  their  Mo¬ 
tion,  and  never  appear  to  recede  from  them  beyond  cer¬ 
tain  Limits  on  either  Side ,  which  may  be  eaiily  de¬ 
termin’d  from  their  Diftances  from  their  Prima¬ 
ries  ;  and  they  are  alternately  carried  in  Antecedentia 
and  in  Confequentia.  Sometimes  all  of  them  are 
on  the  fame  Side  of  the  Primary  Planet,  and 
fometimes  the  Primary  is  obferv’d  to  be  between 
them;  they  are  ail  always  in  the  fame  Right  Line ,  1031 
or  very  little  diftant  from  it.  All  which  Things 
may  be  deduc’d  from  this,  That  the  Motion 
about  the  Primary  Planets  is  perform’d  in  Planes 
that  make  fmall  Angles  with  one  another,  and 
with  the  Plane  of  the  Ecliptic. 

All  the  Satellites  of  Saturn  or  Jupiter  are  not  1032 
vifible  at  the  fame  time;  fometimes  they  are  hid 
by  their  Primary ,  and  often  immers'd  in  its  Shadow . 

Definition  I. 

Plate  XXII.  Fig.  2.]  Such  an  Immerfion  101033 
the  Shadow  is  call’d  an  Eclipfe  of  the  Satellite 
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Let  S  be  the  Sun,  T  t  the  Orbit  of  the  Earth, 
I  Jupiter ,  M  m  the  Orbit  of  a  Secondary  of  Ju¬ 
piter.  Whilft  the  Secondary  moves  from  M  to 
m>  it  undergoes  an  Eclipfe  ,•  and  not  being  en¬ 
lighten’d  by  the  Sun,  becomes  invifible.  It  the 
Earth  be  at  T,  the  Immerfion  into  the  Shadow 
is  eafily  obferv'd  ;  on  the  contrary,  the  Im- 
merfion  is  more  fenfible  if  the  Earth  be  plac  d 
at  t. 

1034  Amongft  the  Bodies  that  accompany  Saturn , 
*963  we  have  faid  that  there  is  a  Ring-*  concerning 
which  it  is  to  be  obferv'd,  that  an  Obferver  upon 
the  Earth  never  fees  it  wider  than  it  is  reprefented 
in  the  /\th  Fig.  of  Plate  XX;  and  that  fomelimes  it 
is  invifible ;  namely,  when  the  Plane  of  the  Ring, 
being  continued,  goes  thro’  the  Earth  ;  for  the 
Thicknefs  of  the  Ring  is  not  fenfible.  The 
Ring  alfo  is  invifible,  when  its  Plane  continued  I 
paffes  between  the  Earth  and  the  Sun ;  for  then  t 
the  enlighten'd  Surface  of  the  Ring  is  turn'd  ; 
from  the  Earth ;  in  each  Cafe  Saturn  appears  ! 
round,  yet  in  the  laft  Cafe,  by  reafon  of  the  \ 
Rays  that  are  intercepted  by  the  Ring,  there  ap* 
pear  a  black  Belt  upon  the  Surface  of  the  Planet, 
like  that  which  is  occafion'd  by  the  Shadow  of 
the  Ring. 

The  Phenomena  of  the  Earth’s  Satellite ,  j 
namely  of  the  Moon,  are  very  remarkable  in  ( 
refped  to  us,  and  therefore  particularly  to  be  i 
explain'd. 

103?  It  is  very  often  in  Conjun&ion  with  the  Sun,  E 
and  as  often  in  Oppofition  to  it,  but  not  at  every  \ 
Revolution  of  the  Moon  in  its  Orbit;  for  whilft  j 
the  Moon,  after  one  entire  Revolution  of  27  1 
5Days  and  7  Hours,  returns  again  to  the  Place 
3  amongft  the  fix’d  Stars,  in  which  it  was  in  Con-  • 
♦  9^b  jun&ion  with  the  Sun,  the  Sun  is  gone  from  that  |l 
99 6  Place,  and  is  about  27  Deg.  diftant  from  it  :*  ?l 
99$  there--: 
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therefore  the  neighbouring  Conjunctions  are  twenty 
nine  Days  and  a  half  difiant  from  one  another . 

Definition  II. 

The  Lunar  Periodical  Month  is  the  Time  of  one  1037 
Revolution  of  the  Moon  in  its  Orbit. 

Definition  III. 

The  Moon’s  Synodical  Month,  or  a  Lunation,  1.038 
is  the  Time  that  the  Moon  f pends  between  the  two  next 
Conjunctions  with  the  Sun. 

The  Moon  is  invifble  in  its  Conjunction  with  the  1039 
Sun ,  becaufe  the  enlighten’d  Hemifphere  is  turn’d 
from  the  Earth.  Let  T  (Plate  XXII.  Fig.  3.) 
be  the  Earth,  N  the  Moon  between  the  Sun  and 
the  Earth,  the  enlighten’d  Hemifphere  will  be 
nt  l  /,  which  cannot  be  feen  from  the  Earth. 

Whilfl  the  Moon  is  carried ,  in  its  Orbit,  from  the  1040 
Conjunction  to  the  Oppofition ,  the  enlighten’d  Part, 
which  is  directed  towards  the  Sun,  does  continu¬ 
ally  become  more  and  more  vifible  to  the  Inhabitants  of 
the  Earth ;  and  in  the  Points  A,  B,  C,  the  Moon 
does  fucceffively  acquire  the  Figures  a ,  b ,  c. 

At  P,  in  its  Oppofition  with  the  Sun  it  appears  1041 
round ,  then  going  thro  D,  E,  F,  it  decreafesy  as  it 
is  reprefented  at  dy  e ,  f. 

Definition  IV. 

The  Conjunction  of  the  Moon  with  the  Sun  is  called  1042 
the  New-Moon. 

After  the  Conjunfrion,  the  Moon  is  as  it  were 
renew’d. 

Definition  V. 

The  Oppofition  of  the  Moon  with  tbe  Sun  is  call'd  1043 
the  Full- Moon,  becaufe  the  whole  Moon  appears  en¬ 
lighten’d. 
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Definition  VI. 

1044  7 he  ConjunBion  and  Op p  oft  ion  of  a  Satellite  with 
the  Sun ,  are  called  by  the  common  Name  of  Syzygies. 

1045  At  A  and  F  the  dark  Part  of  the  Moon  is  a 
little  enlighten’d  by  the  Rays  that  are  refleded 
from  the  Earth  ;  and  therefore  it  is  feen  by  a 
Spedator  to  whom  the  Sun  is  not  vifible,  that  is, 
in  the  firft  Cafe,  after  the  fetting  of  the  Sun, 
and  in  the  fecond,  before  its  Rife. 

...  ,  > 

Definition  VII. 

104^  TVhen  the  Light  of  the  Sun  is  intercepted  by  the 
Moon ,  fo  that  in  refpeB  of  any  Obferver  upon  the 
Earth  the  Sun  is  partly  or  wholly  cover’d,  the  Sun  is 
faid  to  undergo  an  Eclipfe. 

Properly  fpeaking,  this  is  an  Eclipfe  of  the 
Earth,  on  whofe  Surface  the  Shadow  or  Penum¬ 
bra  of  the  Moon  falls.  *  , 

t  ■  >.  ■ , } 

\  /  •}  ,  *  . 

Definition  VIII. 

1047  An  Eclipfe  of  the  Moon  is  the  Obfcuration  of 
the  Moon  by  the  Shadow  of  the  Earth . 

1048  7he  Eclipfe  of  the  Sun  is  never  obferv’d,  except  at 
the  Time  of  the  New- Moon. 

1049  ‘the  Moon  is  never  eclipfe d  but  at  the  Time  of  the 

Full-Moon.  J 

1050  Yet  the  Luminaries  are  not  eclipfed  at  every 
one  of  the  Syzygies,  becaufe  the  Moon  does  not 

*  969  move  in  the  Plane  of  the  Ecliptic,*  in  which  the 
Sun  and  Earth  always  are,*  wherefore,  upon 
Account  of  the  Moon’s  Latitude,  its  Shadow, 
at  the  New-Moon,  often  does  not  touch  the 
Earth  •  and  itfeif  at  the  Full-Moon  paffes  befide 
the  Shadow  of  the  Earth. 

1051  But  when  the  Moon  has  no  Latitude,  or  but 
very  little,  that  is,  when  it  is  in  the  Node ,  or  near 
it,  at  its  Syzygies ,  an  Eclipfe  is  obferved ;  in  that 

-  1  ;  L  Plate 
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Cafe  the  Moon  appears  to  be  in  the  Ecliptic,  or 
very  near  it ;  and  this  it  is  that  has  given  the 
Name  to  that  Line. 

Plate  XXIII.  Fig.  ji.]  That  what  relates  to 
the  Eclipfe  of  the  Moon  may  appear  the  more 
plainly,  let  O  O  be  the  Way  of  the  Moon,  RR 
the  Plane  of  the  Ecliptic  ;  the  Center  of  the 
Earth's  Shadow  is  always  in  it;*  N is  the  Node*  94o, 
of  the  Moon's  Orbit.  9:9  * 

If  the  Center  of  the  Earth's  Shadow  be  at  A, 

I  the  Moon  that  goes  by  at  F  will  not  be  dark¬ 
en'd. 

I  If  the  Moon  be  lefs  diftant  from  the  Node  at  1052 
|  the  Full-Moon,  as  at  G,  the  Shadow  of  the 
Earth  is  at  B,  and  the  Moon  is  darken  d  in  part ; 
j  this  is  called  a  Partial  Eclipfe. 

i  If  fuppofing  the  Shadow  at  D,  the  Moon  be  10^3 
I  Full,  the  Mooh  will  he  wholly  darken  d  at  I,  it  runs 
j  into  the  Shadow  at  L,  and  goes  otlt  of  it  at  H  ; 

I  and  the  Eclipfe  is  faid  to  he  Total. 

The  Eclipfe  is  faid  to  he  Central ,  when  the  Center  1054 
J  of  the  Moon  goes  thro '  the  Center  of  the  Shadow , 

I  which  only  happens  in  the  very  Node  N. 

We  have  hitherto  fpoken  of  the  Shadow  of  the 
1  Earth  ;  becaufe  when  we  mention  the  Earth,  we 
I  underfland  its  Atmofphere  which  is  join'd  to  it, 

G  of  which  we  have  fpoken  elfewhere  :  *  The  Sha-*  4  18 
\  dow  of  the  Atmofphere  is  properly  conjidered  in  Lu -  1055 

I  mr  Eclipfes ;  for  the  Shadow  of  the  Earth  itfelf 
!;  does  not  reach  the  Moon. 

Plate  XX IV.  Fig.  i.]  Let  T  be  the  Earth, 
the  Atmofphere  about  it  F  D  G  G  D  F.  The 
j  Sun's  Rays  B  D,  BD,  touching  the  Atmofphere ; 

:  thefe  go  (freight  on,  and  terminate  the  Shadow 
£  of  the  Atmofphere,  out  of  which  if  the  Moon 
:  be,  it  is  immediately  enlighten'd  by  the  Sun  s 
:i  Rays,  but  it  is  not  enlighten'd  in  the  fame  man- 

II  ner  all  the  while  it  is  between  B  D  and  B  D. 

Vo  l.  II.  N  The 
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I05 6  The  Rays  which  enter  the  Atmofphere  obliquely  are 
♦  617  refracted  -*  and  as  they  come  towards  the  Earth 
they  continually  penetrate  into  a  Medium  which 
%24)  is  denfer  and  denfer,*  and  therefore  are  every 
#429  Moment  infle&ed  and  move  in  Curves .  So  the 
17  Rays  E  F,  E  F,  penetrate  the  Atmofphere  in  the 
Curves  FG,  FG,  that  touch  the  Earth.  All 
the  Light  between  E  F,  E  F,  is  intercepted  by 
the  Earth,  and  the  Rays  G  A,  G  A,  terminate 
the  Earth’s  Shadow. 

The  Light  between  E  F  and  B  D,  being  re¬ 
fracted  by  the  Atmofphere,  is  fcatter’d  between 
G  A  and  B  D  continued,  and  beyond  A,  the 
Point  of  the  Earth’s  Shadow,  the  Lights  that 
come  from  all  Parts  are  confounded,  but  are 
continually  weaker  and  weaker  the  farther  from 
105 7 the  Earth  :  So  that  the  Shadow  of  the  Atmofphere 
is  not  a  perfect  Shadow,  but  a  weak  Light , 
whereby  the  Moon  is  vifible  in  an  Eclipfe. 

1058  The  Shadow  of  the  Atmofphere  is  Conical,  be- 
caufe  the  Sun’s  Diameter  is  greater  than  the 
Diameter  of  the  Atmofphere,  which  is  fcarce 
bigger  than  that  of  the  Earth  ,•  and  this  Cone 
does  not  reach  quite  to  Mars,  as  appears  from 
immediate  Obfervaticns  ,•  but  the  Shadow  of  the 
Diameter,  in  the  Place  where  it  is  cut  by  the 
Moon’s  Orbit,  is  fcarce  one  Fourth  lefs  than  the 
Diameter  of  the  Earth. 

With  the  fame  Reafoning  tha,t  we  have  prov’d 
that  the  Moon  comes  into  the  Shadow  of  the 
Atmofphere,  when  the  Moon  in  its  Full  is  in 
the  Node  or  near  it  ,*  it  is  alfo  proved,  that  the 
Moon’s  Shadow  falls  upon  the  Earth  at  the  New- 
Moon,  when  the  Moon  is  in  the  Node  or  near  the 
1  °>9  Node  ;  therefore  in  that  Cafe  the  Sun  undergoes 
an  Eclipfe  ;  concerning  which,  feveral  Things  are 
X 0  be  obferv’d. 


Plate 
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Plate  XXII.  Fig.  4.  j  Let  S  be  the  Sun,  T  the 
Moon;  let  the  Shadow  of  it  fall  upon  any  Plane 
GH.  This  Shadow  is  encompafs’d  with  a  Pe¬ 
numbra,  for  beyond  L  and  E  that  Plane  is  en¬ 
lighten’d  by  one  entire  Hemifphere  of  the  Sun  ; 
as  you  go  from  L  to  H,  and  from  E  to  G,  the 
Light  is  continually  diminifhed,  and  near  G  and 
H  the  Rays  come  to  the  Plane  only  from  a  fmali 
Parc  of  the  Sun’s  Surface. 

Definition  IX. 

This  diminijh’d  Light ,  which  encompaffes  the  Sha- 1060 
dow  G  H  every  Way,  is  call'd  the  Penumbra.^ 

In  the  Eclipfe  of  the  Moon ,  the  Shadow  of  the  1061 
Earth  is  encompafsM  with  the  like  Penumbra,  but 
this  is  only  fenfible  near  the  Shadow,  and  there¬ 
fore  has  but  a  fmali  Breadth  ;  but  if  an  Obferver  be 
plac’d  upon  a  Plane  upon  which  the  Shadow 
falls,  he  may  obferve  the  whole  Penumbra  ;  as  is  the  1062 
Cafe  in  the  Eclipfe  of  the  Sun.  An  Obferver  I  or 
F  can  only  fee  the  Semidiameter  of  the  Sun,  the 
reft  of  the  Diameter  is  hid  by  the  Moon  ;  and 
going  from  L  towards  H,  the  Sun  is  continually 
more  and  more  hid  by  the  Moon,  till  it  becomes 
wholly  invifible  in  the  Shadow  itfelf. 

Hence  it  follows,  that  there  is  a  Solar  Eclipfe,  106$ 
tho  the  Shadow  of  the  Moon  does  not  touch  the  Earth, 
provided  the  Penumbra  comes  to  its  Surface.  And 
alfo,  that  the  Eclipfe  is  not  obferved  in  all  the  Places  1064 
in  which  the  Sun  is  vijible  ;  and  that  it  is  different ,  1065 
according  as  the  Shadow  or  a  different  Part  of 
the  Penumbra  goes  thro’  the  Place,  in  the  Places 
in  which  it  is  obfe'v  d. 

But  the  Eclipfe  of  the  Moon  is  every  where  the  1066 
fame,  where  the  Moon  is  vijible,  during  the  Eclipfe. 

But  when  the  Shadow  itfelf  of  the  Moon  falls  upon  io6~j 
the  Earth,  the  Sun  s  Eclipfe  is  faid  to  be  Total ;  if 
only  the  Penumbra  reaches  the  Earth ,  it  is  faid  to  be 

Vol.IL  N  2  Partial 3 
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Partial ;  and  this  is  what  happens  when  we  con- 
fider  an  Eclipfe  in  genefal. 

io£8  But  as  to  particular  Places,  it  is  faid  to  be  To¬ 
tal  in  thofe  Places  where  the  Shadow  pajfes  ;  Central \ 
in  thofe  where  the  Center  of  the  Shadow  paffes, 
that  is,  where  the  Center  of  the  Moon  covers  the  Suns 
Center ;  and  laftly,  Partial ,  where  the  Penumbra  on¬ 
ly  goes  by  ;  and  this  is  drawn  in  Fig.  6. 

10  9  Plate  XXII.  Fig.  4.]  The  wider  the  Shadow  H 
is,  the  more  Places  is  the  Eclipfe  of  the  Sun  Total  in, 
and  the  longer  is  the  Sun  wholly  obfured.  But  the 
Breadth  of  the  Shadow  is  different  according  to 
the  different  Diftance  of  the  Moon  from  the 
Earth,  and  of  the  Earth  from  the  Sun. 

1070  If  there  be  an  Eclipfe  of  the  Moon ,  fuppofing  the 
Earth  in  the  Perihelion ,  and  the  Moon  in  the  Apo- 
greum,  that  is,  at  the  greateft  Diflance  from  the 
Earth,  the  Shadow  of  the  Moon  does  not  reach 
the  Earth,  and  the  Moon  does  not  cover  the  whole 
Sun ;  fuch  an  one  is  call’d  an  Annular  Eclipfe ,  and 
is  re  prefen  ted  in  Fig.  5. 


c  ft  a  p.  vir. 

'  V  V  .  -  :  ■  j  i 

Of  the  Phenomena  arifing  from  the  Motion 
of  the  Sun ,  the  Planets ,  and  the  Moon , 
about  their  Axes. 

l07I  r  I  ^  HE  Suns  Motion  about  its  Axis  is  fenfible, 
JL  by  obferving  the  Spots ,  which  are  obferv’d 
very  bften  upon  the  Sun’s  Surface  thefe  Spots 
feem  to  change  their  Figure  and  Situation  every 
Day,  and  fometimes  to  move  fwifter,  fometimes 
flower ;  all  which  Things  may  be  eafily  deduc’d 
from  the  Motion  of  a  Spherical  Surface  ,*  and 
the  Sun,  which,  if  it  was  not  mov’d  by  fuch  a 
Motion,  would  only  once  in  a  Year  fucceflively 

turn 
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turn  its  whole  Surface  to  the  Earth,  now  fbews 
it  to  the  Inhabitants  of  the  Earth  in  lefs  than 
the  Space  of  one  Month. 

Such  like  Phenomena  arife  from  the  Rottiticx  0/1072 
Jupiter,  Mars ,  and  Venusy  about  their  Axes ,  which 
Motions  become  fenjible ,  by  obferving  the  Spots  in  the 
I  Surfaces  oj  the  Planets. 

Whilft  the  Earth  is  mov’d  round  its  Axis, 
the  Obferver,  who  is  carried  round,  imagines 
himfelf  to  be  at  Reft,  and  all  the  heavenly  Bodies 
to  be  in  Motion. 

.i  ^  \ 

Definition  I. 

' The  Points ,  in  which  the  Axis  of  the  Earth  being  1073 
continud  both  Ways ,  touches  the  Sphere  oj  the  fix  d 
Stars ,  are  call'd  the  Poles  of  the  World. 

If  'I  ft  !  *  . 

Definition  II. 

7 ’he  apparent  Motion ,  arifing  from  the  Motion  of  1074 
the  Earth  about  its  Axisy  is  call'd  the  Diurnal 
Motion. 

Definition  III. 

A  Plane  is  conceiv'd  to  pafs  thro'  the  Center  of  1075 
the  Earth ,  perpendicular  to  its  Axis ,  and  continu'd 
every  Way ,  and  the  Circle  in  which  it  cuts  the  Sphere 
of  the  fix'd  Stars ,  is  call'd  the  Ccekftial  ^Equa- 
;  tor. 

In  the  Motion  of  the  Earth  round  the  Sun ,  the  1076 
^Equator  is  mov’d  ;  but  fince  the  Plane  of  this 
I  Circle  is  carried  by  a  parallel  Motion,  the  Coe - 
I  lefiial  ALquator  is  not  mov'd.*  *  994 

Definition  IV. 

Circles  whofe  Planes  go  thro'  the  Axis  of  the  Earth ,  1077 
are  call'd  Meridians. 

Ehey  all  pafs  thro 1  the  Voles  of  the  Jf/orld,  and  1078 
are  - perpendicular  to  the  AEquator. 

N  3  D  E  F  I- 
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Definition  V. 

xoig  *Ihe  Arc  of  any  Meridian  which  intercepted  between 
the  JEquator  and  a  Star ,  is  call'd  the  Declination 
of  that  Star. 

Flate  XXIII.  Fig.  2.]  Let  an  Obferver  be 
upon  the  Earth  T,  who  direds  his  Sight  along 
T  A ;  after  a  little  Time,  when  the  Line  T  A 
{hall  be  caried  by  the  Motion  of  the  Earth  to 
T  ay  if  the  Spedator  direds  his  Sight  thro’  the 
‘fame  Line,  the  Body  A  will  appear  to  have  been 
carried  thro’  the  Arc  a  A ;  but  when  the  Line 
has  return’d  to  its  former  Situation  T  A,  the  Body 
will  feem  to  have  perform’d  one  whole  Revolu¬ 
tion.  But  if  he  direds  his  Sight  along  the  Axis 
of  the  Earth  produc’d,  becaufe  that’s  at  Reft,  the 
Body  which  is  feen  in  the  Axis  will  appear  not  to 

1080  have  mov’d ;  therefore  in  the  Foies  of  the  World  the 
*  1073  diurnal  Motion  is  not  obferv'd*  But  that  Bodies 

3  which  are  near  the  Poles  are  mov’d  round  them 
is  plain  ;  and  that  the  Body  by  its  diurnal  Mo^ 
tion  defcribes  fo  much  a  greater  Circle  round 
the  immoveable  Pole,  as  it  is  farther  diftant: 

1081  from  it.  Therefore^  whole  Sphere  of  the  fix'd 
Stars  feems  to  revolve  about  the  Axis  of  the  Earth 
continu'd ,  in  Antecedentia,  in  that  Time  in  which 
the  Earth  really  turns  about  its  Axis.  Therefore 
the  diurnal  Motion  is  common  to  all  the  Coele- 
ftial  Bodies,  .except  fo  far  as  it  is  difturb’d  by 
the  Motions  above-mention’d. 

The  Equator  is  equally  diftant  from  both 
Poles,  and  divides  the  Heavens  into  two  Hemi- 
fpheres,  whofe  middle  Points  are  the  Poles, 
which  therefore  are  equally  diftant  from  the  fe« 
io82veral  Points  of  the  -Equator  ;  therefore  the  hea¬ 
venly  Bodies  which  are  in  the  AEquator ,  by  their  di¬ 
urnal  Motion  feem  to  defer ibe  the  AEquator  itfelfyri 
the  geeateft  Circle  of  all  that  can  be  deferib’d 

by 
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by  the  diurnal  Motion  ;  the  other  Bodies  defcribe  1083 
Circles  parallel  to  the  JEquator . 

The  Axis  of  the  Earth  is  inclin’d  to  the  Plane 
of  the  Ecliptic  in  an  Angle  of  66  Deg.  3 1  Min  *  *  96° 
‘The  Poles  of  the  World  therefore  are  di  flant  from  1084 
the  Poles  of  the  Ecliptic  23  Deg.  29  Min.  and  the 
Plane  oj  the  JEquator  makes  an  Angle  with  the  Plane 
of  the  Ecliptic  of  23  Deg.  29  Min.  Both  Planes 
pafs  thro5  the  Center  of  the  Earth  •  but  fince 
this  may  be  look’d  upon  as  the  Center  of  the 
fix’d  Stars,*  it  follows,  that  the  JEquator  and  the  1385 
Ecliptic  Line  are  great  Circles ,  which  are  inclin’d  to  *988 
each  other,  and  cut  one  another  in  two  oppofite  Points ,  99° 
in  the  Beginning  of  Aries,  and  the  Beginning  of  Li¬ 
bra  ;  which  Points,  in  the  way  of  the  Sun,  are 
determin’d  by  thefe  Interfe&ions .*  *1001 

When  the  Sun  is  in  thofe  Points ,  it  feems  to  defcribe  108 6 
the  JEquator  by  its  diurnal  Motion  /  when  it  is  car-  1087 
ried  about  in  the  Ecliptic  by  its  Apparent  Motion/ 1082 
it  continually  recedes  more  and  more  from  the 
./Equator,  and  its  Declination  is  encreas’d,  and 
it  defcribes  lefs  Circles  every  Day  /  till  it  comes  to  its*Io8l 
greateft  Difiance  from  the  JEquator ,  which  is  23  1088 
Deg.  29  Min*  then  it  comes  back  to  the  JEquator  *lo84 
again ,  and  goes  beyond  it  alfo  23  Deg.  29  Min.  ad¬ 
vancing  towards  the  oppofite  Vole . 

Definition  VI. 

Thofe  Circles ,  defer  i E  d  by  the  Sun  in  its  diurnal  1089 
Motion,  which  are  moft  diflant  from  the  JEquator , 
that  is,  2  3  Deg.  29  Min.  are  call'd  the  Tropics. 

One  touches  the  Ecliptic  Line  in  the  firft  De¬ 
gree  of  Cancer ,  and  is  call’d  the  Tropic  of  Can¬ 
cer  the  other  is  call’d  the  Tropic  of  Capricorn , 
and  paffes  thro"  the  firft  Point  ot  the  Sign  Capri¬ 
corn ,  and  there  touches  the  Ecliptic  Line. 


N  4 
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Definition  VII. 

lopo  The  Pole  of  the  World  which  is  next  to  the  Tropic 
of  Cancer,  is  call'd  the  Ar die  Poie,  and  alfo  the 
North  Po]e ;  the  oppofite  is  call'd  the  Antar&ic, 
and  alfo  the  South  Pole. 

Definition,  VIIL 

1091  T’he  Circles  that  are  cieferib  d  in  the  diurnal  Mo¬ 
tion  by  the  Poles  of  the  Ecliptic,  that  is,  by  the 
1  oints  which  are  di  fiant  from  the  Poles,  of  the  World 
2 3  Deg.  29  Min.  are  call'd  the  Polar  Circles. 

The  Arctic  Polar  Circle  is  that  which  fur- 
roanas  the  Ar&ic  Pole  ,•  the  other  oppofite  one 
borrows  its  Name  from  the  Antarctic  Pole. 

There  remains  to  be  explained  the  Moons  Mo~ 

1092  non  about  ds  Axis,  whofe  EffeEl  is ,  that  the  fame 
Face  oj  the  Moon  is  always  turn'd  towards  the  Earth . 

Plate  XXII.  Fig.  3 .]  Let  the  Moon  be  at  N: 
t'le.Facvc;  whlc,h!s  to  the  Earth  is  mni  $ 

,,the  ^ron  dld  n°t  turn  about  its  Axis,  and 
all  its  Points  were  earned  thro’  parallel  Lines, 
the  Line  w  would  coincide  with  the  Line  In 
in  the  wtuation  of  the  Moon  at  B,  and  the  afore- 
KUd  Hemxfphece  mni  would  be  at  Imn-  but 
bccanfe  whdft  the  Moon  deferibes  a  fourth  Part 
of  its  Orbit,  it  performs  iikewife  J  of  its  Revolu¬ 
tion  round  its  Axis,  the  Face  which  would  be  at 
Imn  is  now  at  m  n  i,  that  is,  again  turned  to  the 
Earth.  Aker  the  fame  Manner  it  is  prov’d 
that  this  fame  Face  mni,  when  the  Moon  is  at 
P,  is  feen  by  an  Obferver  on  the  Earth,  and  that 

In  1S,|tUriDd  -t0WaJd*  the  Earth  at  E;  as  alfo  in 
all  other  Points  of  the  Moon’s  Orbit. 

1091  ,i,  7pf  Axir  °t t]?e  Mom  is  noc  perpendicular  to 

the  l  lane  of  its  Orbit,  but  a  little  inclin’d,  to  it  • 

m.L  .r  re£p,S  its  ParaIidlTm  ^  its  Motion 
,-Ound  the  Earth,  as  has  been  laid  of  the  Pri-  - 

mary 
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mary  Planets  ;*  therefore  it  changes  its  Situation  *  is* 
in  refpeft  of  an  Obferver  on  the  Earth,  to  whom 
fometimes  one,  fometimes  the  other  Pole  of  the 
Moon  is  vifible,  whence  it  feems  to  be  agitated  by 
a  Sort  of  libratory  Motion.  There  is  another  li-iopq 
bratory  Motion  obferv’d  in  the  Moon  ;  the  Mo¬ 
tion  about  the  Axis  is  equable,  and  it  is  carried 
in  its  Orbit  with  an  unequal  Celerity;*  there-  *966 
fore  when  the  Moon  is  at  its  Perigaum ,  that  is, 
at  its  leaft  Diftance  from  the  Earth  where  it  is 
mov’d  the  fwifteft  in  its  Orbit,*  that  Part  of  its  *  996 
Surface  which,  on  Account  of  its  Motion  in  the 
Orbit,  wou’d  be  turn’d  towards  the  Earth,  is 
not  wholly  turn’d  from  it  on  Account  of  its  Mo¬ 
tion  round  its  Axis  :  Therefore  fomeof  that  Part 
of  the  Surface  of  the  Moon  which  before  was 
not  vifible,  is  feen  at  the  Side  ;  which,  when  the 
Moon  is  at  its  Apogaum ,  is  again  invifible. 

C  H  A  P.  VIII. 

Of  the  Phenomena  which  relate  to  the  Sur¬ 
face  of  the  Earth ,  and  its  particular  Parts . 

WE  have  explain’d  the  Caeleftial  Phaenome¬ 
na  hitherto  examin’d,  by  confidering 
the  Spe&ator  as  carried  about  by  thofe  Motions 
I  wherewith  the  Earth  is  really  mov’d.  Now  we 
:  fnall  confider  him  as  plac’d  upon  the  Surface  of 
the  Earth,  and  carried  from  one  Place  to  an¬ 
other  upon  it. 

The  firft  Phaenomenon  to  be  here  obferv’d  is, 
that  by  Reafon  of  the  Interpoption  of  the  Earth ,  one 
half  of  the  He  arcens  is  invifible  to  the  Obferver  vohv 
is  plac'd  upon  the  Surface  of  the  Earth . 

Definition  I. 

Ehat  Circle  in  the  Heavens  vjhich  feparates  the  vi- 
pile  from  the  invifible  Part ,  when  the  Rays  are 

I  a  not 
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not  intercepted  by  the  Inequalities  of  the  Earth  s 
Surface,  is  call'd  the  Horizon. 

When  the  Height  to  which  the  Spe&ator  can 
be  rais’d  above  the  Surface  of  the  Earth,  is  ve¬ 
ry  fmall,  compar’d  with  the  Semidiameter  of 
the  Earth  ;  the  Eye  of  the  Spe&ator  may  be 
look’d  upon  as  plac  d  in  the  Surface  itfelf. 

Plate  XXIII.  Fig.^}  Let  the  Earth  be  T, 
and  the  Obferver  at  S,  and  PJLpe  the  Sphere 
of  the  fix’d  Stars;  if  you  conceive  a  Plane  at 
H  H  to  touch  the  Earth  and  go  thro’  S,  it  will 
be  the  Plane  of  the  Horizon,  whofe  Se&ion  with 
the  Sphere  of  the  fix’d  Stars  is  the  Horizon.  A 
Plane  as  h  h,  is  conceiv’d  to  go  thro’  the  Cen¬ 
ter  of  the  Earth,  parallel  to  HH;  the  Diftance 
^H  is  infenfible,  by  reafon  of  the  immenfe  Di¬ 
ftance  of  the  fix’d  Stars ;  therefore  the  Se&ion 
of  that  Plane,  with  the  Sphere  above-mention’d, 

*994  may  be  taken  for  the  Horizon.* 

Definition  II. 

1  °9  7  The  Afcent  of  the  Stars  above  the  Horizon*  is  call'd 
their  Rife. 

Definition  III. 

iopB  she Defcent  below  the  Horizon ,  is  call'd  the  Setting 
of  the  Stars . 

Defini  ti  o  n  IV. 

9  If  we  conceive  a  Line  drawn  thro  the  Obferver 
and  the  Center  of  the  Earth ,  which  muft  necefla- 
rily  be  perpendicular  to  the  Horizon,  it  will  reach 
the  Point  Z  among  the  fix'd  Stars ,  which  is  call'd  the 
Zenith. 

Definition  V. 

i  ioo  fi}je  Point  N  oppofite  to  it  is  call'd  the  Nadir. 

Definition  VI. 

i id  1 "he  SeSlion  which  a  Plane  of  a  Meridiani  that 

goes,  thro ’  the  Obferver ,  makes  with  the  Horizon ,  is 
call  d  the  Meridian  Line ;  and  is  dire&ed  from 
North  to  South.  pEfh 
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Definition  VII. 

The  Eaftern  Part  of  the  Heavens  is  that,  front  1102 
•which  we  fee  the  Bodies  rife  above  the  Horizon ;  and 
the  Eaft  Point  is  that  in  which  a  Line  direBed  Eafi - 
wards  perpendicular  to  the  Meridian  Line ,  and  going 
thro’  the  Obferver  cuts  the  Sphere  of  the  fix  d  Stars . 

Definition  VIII. 

The  Point  oppofite  to  this  is  call’d  the  Weft  Point;  1103 
and  the  Weftern  Part  of  the  Heavens  is  oppofite  to 
the  Eafiern  Part. 

Definit  ion  IX. 

The  Amplitude  is  an  Arc  of  the  Horizon,  which  1104 
is  contain’d  between  the  Eafi  or  IVeft  Point ,  and  the 
Point  in  which  the  Star  rifes  or  fets.  The  nrlt  is 
call’d  the  Rifing,  and  the  other  the  Setting  Am¬ 
plitude  :  And  each  is  either  Northern  or  South¬ 
ern  Amplitude. 

DeFIN  ITlON  X. 

The  Height  or  Altitude  of  a  Star  above  the  1105 
Horizon,  is  the  Arc  of  a  Circle  perpendicular  to  the 
Horizon,  in  whofe  Center  the  SpeBator  is ,  terminated 
by  the  Horizon  and  the  Stai . 

Definition  XI. 

Phe  Difference  of  the  Height  of  a  Star ,  according  1106 
to  the  different  Pofition  of  the  Obferver ,  as  he  is  fuf- 
pos’d  in  the  Center,  or  on  the  Surface  of  the  Earth,  is 

call'd  the  Parallax  of  the  Star. 

TChere  is  only  the  Parallax  of  the  Moon  -which  cam  toy 
be  determin’d  by  Obfervations :  The  Diftance  of  the 
reft  of  the  Bodies  in  the  Planetary  Syftem  is  too 
great  to  be  compar’d  with  the  Semidiameter  of 
the  Earth  ;  and  the  Parallax  depends  npon  the 
Ratio  which  the  Semidiameter  of  the  Earth  has 
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to  the  Diftance  of  a  Planet;  therefore  even  the 

1108  Parallax  of  Mars  in  Oppofition  with  the  Sun ,  is  too 
fmall  for  the  nicefl  Obfervations . 

1109  W here  there  is  a  Parallax,  it  dimnijhes  as  a  Body 
afctnds  above  the  Horizon,  and  vanijhes  in  the  Zenith . 

The  apparent  Height  of  the  Stars  is  alfo 
changed  uppn  another  Account,  which  equally 
nioafFeds  all  the  heavenly  Bodies.  The  Rays  are 

1 1 1 1  infle&ed  by  the  RefraBion  of  the  Atmofphere *  and 
^105  6  the  Stars  appear  higher  than  they  are  ;*  yet  the  higher 
f  624  they  are ,  the  lefs  is  that  InfleBion  f*  becaufe  the 

6:39  Rays  fail  lefs  obliquely  on  the  Surface  of  the 

1 1 1 2  Atmofphere.  In  the  Zenith  there  is  no  RefraBion  ; 
even  at  the  Di fiance  of  twenty  or  thirty  Degrees  from 
the  Zenith  it  is  not  fenfible. 

1115  Since  the  Stars  are  rais’d  by  this  RefraBion ,  they 
are  vifible  before  they  come  to  the  Horizon, 

Plate  XXIV.  Fig.  2.]  All  thefe  Things  re¬ 
late  to  the  Surface  of  the  Earth  in  general,  now 
we  muft  examine  the  fereral  Parts  of  it;  thefe 
are  determin’d,  by  referring  to  the  Earth  the 
feveral  Circles  which  we  have  before  confider’d 
Hi4in  the  Heavens;  fo  on  the  Earth  we  conjider  the 
JEqtmtor.  the  Meridians ,  the  Tropics ,  and  Polar  Cir¬ 
cles  ;  and  thefe  Circles  divide  the  Surface  of  the 
Earth  in  the  fame  manner  as  the  Sphere  of  the 
fix’d  Stars  is  divided  by  the  Circles  in  the  Hea¬ 
vens  :  And  therefore  the  Circles  in  the  Heavens, 
and  thofe  upon  the  Earth  do  fo  mutually  cor- 
refpond  with  each  other;  that  a  Line  being 
drawn  from  the  Center  of  the  Earth  to  a  Circle 
in  the  Heavens,  it  will  go  thro’  the  fame  Circle 
in  the  Earth.  If  the  Poles  are  P,  p,  the  iEqua- 
tor  will  be  Ee,  the  Tropics  TT,  tt,  and  the 
Polar  Circles  A  A  a  a. 

Definition  XII. 

* 1 1  >  Meridian  which  goes  thro ’  a  Place ,  is  calPd 

the  Meridian  of  the  Place.  The 
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*  »  r  c  *  tf 

‘The  Plane  of  it  is  perpendicular  to  the  Horizon;  1116 
becaufe  it  goes  thro*  the  Center  of  the  Earth, 
and  the  Obferver. 

A  Mend: an  Line  drawn  in  any  Place ,  is  part  of  1 1 17 
the  Meridian  of  the  Place*  1101 

*  .  O  *  .  v  '  J  '  *  *  '  -  '  A 

Definition  XIII. 

The  Latitude  of  a  Place  is  its  Diflance  fronting 
the  ^Equator ;  that  is,  the  Arc  intercepted  be¬ 
tween  that  Place  and  the  ^Equator. 

v  .  1  t  •  f  *  *1  >r  ■  r  •  •  i  » 

.  »  •  •  •  *  ^  -  *  '  *  * 

D  efinition  XIV. 

Circles  parallel  to  the  TEpuam,  are  call'd  Circles  1 1 19 
of  Latitude. 

By  determining  the  Latitude  of  the  Place, 
we  determine  the  Circle  of  Latitude,  which 
goes  thro5  the  Place  ;  now  to  determine  the  Si¬ 
tuation  of  feveral  Places  in  tefpeft  of  each  other, 
we  muff  determine  Places  upon  the  feveral  Cir¬ 
cles,  which  is  done,  by  fuppofing  a  Meridian  to 
pafs  thro’  any  remarkable  Place,  which  by  its 
Sedition,  determines  a  Point  upon  each  Circle  of 
Latitude,  from  which  the  Diftances  of  Places 
are  meafur’d. 


Definition  XV. 

The  Meridian  above-mention  d,  taken  at  Pie  afar  e}iizo 
is  call'd  the  Firlt  Meridian. 

Definition  X VI. 

The  Diflance  of  a  Place  from  the  firfl  Meridian ,  1121 
meafur’d  on  a  Circle  of  Latitude  that  goes  thro ’  a 
Place ,  is  call'd  the  Longitude  of  the  Place. 

Aflronomea  re(e-  every  Th  n?  to  the  Meridian  of  1122 
the  Place ,  in  which  they  make  ih /».->  Cbfervations. 

In  explaining  the  Phx  o.nena  which  relate  to 

I  the  feveral  Parts  of  the  Surface  of  the  Earth,  we 
(hall  confider  the  Ooferver  going  from  the  Pole 
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to  the  ./Equator ;  and  firft  only  take  Notice  of 
the  diurnal  Motion. 

1123  Plate  XXIII.  Fig.  3.]  When  the  Speftator  is 
at  S,  in  the  very  Pole  of  the  Earth  T,  the  cade- 
ftial  -Equator  E  e,  coincides  with  the  Horizon, 
and  the  Pole  of  the  World  P  is  in  the  Zenith ;  in 
that  Cafe,  becaufe  the  Circles  which  are  paral¬ 
lel  to  the  Horizon  are  alfo  parallel  to  the  -Equa¬ 
tor  ;  all  the  heavenly  Bodies  appear  to  be  carri- 
*1083 ed  by  a  Motion  parallel  to  the  Horizon,*  in 
Circles  which  are  reprefented  by  the  Lines  A  a, 

B  b.  “The  heavenly  Bodies  in  the  Hemifphere  E  P  e 
never  fet,  and  the  others  are  never  vifible.  "the  Ho - 
H2^riz,on  in  this  Situation  is  faid  to  be  parallel,  or  this 
Situation  is  call'd  a  Parallel  Sphere. 

1125  Plate  XXIII.  Fig.  4.]  If  an  Obferver  upon  the 
Earth  X  recedes  from  the  Pole ,  and  is  at  S,  the 
Horizon  is  faid  to  be  oblique ,  or  the  Sphere  is  oblique ; 
then  the  Axis  P  p  is  inclined  to  the  Horizon  hh, 
fo  much  the  more  as  the  Obferver  is  farther 
from  the  Pole. 

Definition  XVII. 

112  6  The  Angle  which  the  Axis  of  the  Earth  makes 
*  1 10  $with  the  Horizon,  is  call'd  the  Height  of  the  Pole.* 
1121  This  Height  of  the  Pole  is  equal  to  the  Latitude. 
The  Height  of  the  Pole  is  the  Angle  P  T  h9 
whofe  Meafure  is  the  Arc  P  h ;  the  Latitude  is 
meafur’d  by  an  Arc,  which  upon  the  Earth  cor- 
*ni8refponds  to  the  Arc  Z  E  in  the  Heavens  :*  But 
it  is  equal  to  the  Arc  P  h  ;  for  the  Complement 
of  each  of  them  to  a  Quarter  of  a  Circle,  is  the 
Arc  ZP. 

1128  la  this  Pofition  of  the  Obferver,  becaufe  the  E- 
quator  is  inclin’d  to  the  Horizon,  all  the  heaven¬ 
ly  Bodies  are  carried  by  the  diurnal  Motion  in  Circles 
inclin'd  to  the  Horizon,  reprefented  by  the  Lines  j 
A  a,  B  h, 


Some 
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Some  of  the  heavenly  Bodies  rife  and  fet  at  every  1129 
Revolution  of  the  Earth ;  namely,  thofe  which  are 
between  the  Parallels  to  the  Equator  B  /?,  and 
hi  •  becaufe  all  the  Parallels  between  thofe  Two 
are  cut  by  the  Horizon. 

The  Planes  of  the  Equator  and  the  Horizon 
go  thro’  the  Center  of  the  Earth  ;  therefore  thefe 
Circles  cut  one  another  mutually  into  two  equal 
Parts,  and  half  of  the  .Equator  is  above  the 
Horizon;  therefore^  heavenly  Bodies  which  are  o 
in  the  /. Equator  are  above  tjie  Horizon  during  half  a 
Revolution  of  the  Earth  about  its  Axis *  and  on*I082 
Account  of  the  Equability  of  the  Motion  about 
the  Axis,  are  invifible  during  an  equal  Time. 

Thefe  alfo  rife  due  Eafty  and  fet  due  Weft  (that  1 13  1 
is,  in  the  very  Points  of  the  Eaft  and  Weft;)  for 
the  Se&ion  of  the  Planes  of  the  Equator  and 
the  Horizon,  is  perpendicular  to  a  Plane  per¬ 
pendicular  to  both  thefe  Planes ;  and  this  laft 
Piane  is  the  Plane  of  the  Meridian  of  the  Place/''  j®73 
Wherefore  the  above-mention'd  Se&ion  is  per-  1116 
pendicular  to  the  Meridian  Line,*  and  confe-^1117 
quently  goes  thro*  the  Eaft  and  Weft  Points.*  *IIQ2 

Bodies  between  the  JEquator  and  a  Parallel  B  hy  JI°5 
which  touches  the  Horiz.ony  as  in  the  Circle  A  ay  con -  1 1  *  2 
time  longer  above  than  below  the  Horizon ;  and  this 
Difference  is  fo  much  the  greater ,  the  more  the  Circle  1133 
A  a,  approaches  that  Pole ,  which  is  above  the  Horizon. 

On  the  contrary,  as  the  Body  goes  towards  the 
oppofite  Pole ,  its  Time  of  continuance  above  the  Hori¬ 
zon  is  the  longer . 

This  Inequality  of  the  Time  that  a  Body  is  above  1134 
and  below  the  Horizon  encreafes  as  the  Height  of  the 
Pole  does ,  becaufe  of  the  Diminution  ot  the  An¬ 
gle  made  with  the  Horizon  by  the  Equator  and 
its  Parallels. 

B  dies  whofe  Di fiance  from  the  Pole  is  equal  to  the  1135 
Height  of  tty  never  Jet3  for  fuch  is  the  Diftance 

of 
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of  the  Circle  B  h ,  which  touches  the  Horizon* 
but  has  no  Part  of  it  below  the  Horizon. 

Bodies  lefs  diftant  from  the  Pole,  do  not  fo 
much  as  come  down  to  the  Horizon. 
iig<5  appears  by  the  fame  Reafoning,  that  Bodies 
•whofe  Difiance  from  the  oppofite  Pole  does  not  exceed 
the  Height  of  the  Poley  never  rife  above  the  Hori¬ 
zon,  and  are  always  invifible. 

1x37  Bodies  whofe  Diftance  E  Z  from  the  JEquator 
is  equal  to  the  Height  of  the  Pole,  go  thro>  the 
Zenith  Z,  for  E  Z  is  equal  to  the  Latitude  of 
the  Place  to  which  the  Height  of  the  Pole  is 

*  1 1 26  equal* 

1138  Plate  XXIII.  Fig .  J.]  When  a  SpeEldtor  S  has 

receded  as  far  as  he  can  from  the  Pole,  he  comes 
to  the  /Equator  y  whofe  Points  are  equally  diftant 

*  1 07 5  from  each  Pole  ;*  then  the  Axis  Pp  is  in  the  Ho- 
JII4nzon,  with  which  the  ./Equator  makes  a  right 
*1075  Angle,*  for  which  Reafon  the  Horizon  is  /aid  to 
iIJ4  be  Right ;  or  this  is  call’d  a  Right  Sphere. 

The  Horizon  cuts  into  two  equal  Parts  all  the 
Circles  that  are  parallel  to  the  .Equator,  which 
are  reprefented  by  the  Lines  A  a,  B  by  therefore 
1 1 3  9  all  the  heavenly  Bodies ,  at  every  Revolution  of  the 
Earth ,  rife,  and  fety  and  are  vifible  and  invifible 
during  equal  Fifties. 

1140  The  /Equator  itfelf  goes  thro  the  Zenith ,  and 
therefore  all  the  Bodies  that  are  in  it  pafs  thro ’  it 
alfo. 

If  what  we  have  explain’d  concerning  the 
Diurnal  Motion  be  applied  to  the  Bodies,  of 
whofe  other  apparent  Motions  we  have  fpo- 
ken  before,  the  Phenomena  will  be  eafily  de¬ 
termin’d  from  the  Motions  joint’d  together,-  thofe 
that  relate  to  the  Sun  are  more  remarkable  than 
the  reft,  and  therefore  more  particularly  to  be 
explain’d» 

De- 
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Definition  XVIII. 

We  call  a  Natural  Day  the  Time  elapfed  between  114* 
the  Recefs  of  the  Sun  from  the  Meridian  a  Place  of, 
and  its  next  Return  to  the  fame  Meridian. 

This  Day  differs  from  the  Time  of  the  Revolution  114 1 
of  the  Earth  about  its  Axis,  which  Times  would 
be  equal  if  the  Sun  appear’d  immoveable  a- 
mongit  the  fix'd  Stars  ;  but  whilft  by  the  Diur¬ 
nal  Motion,  in  the  Time  of  one  Revolution  of 
the  Earth  about  its  Axis,  the  Sun  is  carried  round 
from  Eaft  to  Weft,  that  is,  in  Antecedentia  *  it  is  *1080 
carried  by  a  contrary  Motion  in  the  Ecliptic,  *  99<5 
whereby  it  comes  later  to  the  Meridian. 

But  as  the  Sun  does  not  every  Day  go  thro' 
an  equal  Space  in  the  Ecliptick,*  all  the  Natural*  997 
Days  do  not  equally  exceed  the  Revolution  of  1143 
the  Earth  about  its  Axis  ;  therefore  thefe  Days 
are  unequal  to  one  another. 

Natural  Days  are  unequal  alfo  upon  another 
Account,  namely,  by  Reafon  or  the  Inclination 
of  the  Ecliptic  in  Refped  to  the  ^Equator  ; 
whence  it  follows,  that  the  Annual  Courfe  of 
the  Sun  is  unequally  inclin'd  to  the  ^Equator  in 
different  Points  ;  and  tho'  the  Sun  fhould  equally 
go  forward  every  Day  in  the  Ecliptic,  the  natu-, 
ral  Days  would  not  equally  exceed  the  Time  of 
the  Revolution  about  the  Axis  ;  for  if  the  Mo¬ 
tion  of  the  Sun  be  refolv'd  into  two  Motions, ;>  *  192 
of  which  the  one  is  parallel  to  the  ^Equator, 
and  the  other  perpendicular  to  it,  the  firft  is 
only  to  be  confider’d  in  determining  the  Excels 
above  mention'd,  and  that  it  is  unequal,  is  plain 
from  the  different  Inclination  above- mention’d. 

Thefe  two  GaufeS  of  Inequality  often  concur, 

and  often  ad  contrarywife. 

Every  Natural  Day  is  divided  into  twenty-four  1 1 44 
equal  Parts,,  which  are  call'd  Hours.  Each  Hour  is 
'  V  0  L.  II.  O  divided 
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divided  into  fixty  Minutes  ;  and  each  Minute  into 
fixty  fecond  Minutes  or  Seconds  ;  and  fo  on.  That 
5 143  theje  Parts  of  Time  vary  in  different  Days ,  appears 
plainly  from  what  has  been  faid  •  they  are  by 
Aftronomers  reduc  d  to  Equality,  by  confidering 
the  Number  of  Hours  in  the  whole  Revolution 
of  the  Sun  in  the  Ecliptic,  and  dividing  the 
whole  Time  into  as  many  equal  Parts  as  there  are 
Hours,  twenty-four  of  which  are  taken  for  one 

1145  Day.  The  Time ,  whofe  Parts  are  by  this  Method 
reduc'd  to  Equality ,  is  call'd  the  Mean  Time ,  and 
that  KeduElion  is  call'd  the  A Equation  of  Time. 

1 146  •  hd/e  always  make  ufe  of  the  Days  and  Hours  of  the 

Mean  Time  in  determining  the  Periods  of  the  heavenly 
Motions. 

Definition  XIX. 

1147  The  Artificial  Day  is  the  Time  that  the  Sun  flays 

above,  the  Horizon. 

We  always  fpeak  of  it  when  we  mention  Day 

1148  in  Oppofition  to  Night.  In  determiningthe  Length 
of  Artificial  Days ,  we  jhall  not  attend  to  the  /Equa¬ 
tion  of  Time . 

1149  The  -Crepuiculum  always  comes  before  the  Suns 

1150  Rife,  and.  follows  its  Setting  *  this  is  that  dim  Light 
which  we  commonly  call  Morning  and  Evening  Twi¬ 
light. 

1 1 5 1  "The  Twilight  is  produc'd  by  the  Atmofphere ,  which 
is  enlighten'd  by  the  Suns  Rays,  and  whofe  Particles 
repB  the  Light  every  Way  •  from  whence  fome 

Rays  come  tc  us,  tho  the  Sun  be  depress'd  eighteen 

Degrees  below  the  Horizon. 

1 1  *  2  In  the  parallel  Sphere,  that  is,  to  all  thofe  that 
’1138  dwell  under  the  Equator,*  the  Days  and  Nights 
* 11 39  are  equal  to  one  another  all  the  Tear  round,*  and  are 
*f!44of  twelve  Hours* 

1 J 53  in  the  oblique  Sphere  the  Days  are  longer  or  Jhorter, 
according  to  the  different  Diflame  of  the  Sun  from 

the 
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the  JEuator,  towards  either  Pole ;  *  for  the  Sun*i  1 31 
recedes  from  the  Equator  towards  the  Poles 

23  Deg.  29  Min.*  *ios£ 

The  Sun  is  in  the  ALquator  about  the  nth  0/  . 

March,  and  the  nth  oj  September,  and  then  the  ^ 
Day  is  equal  to  the  Might*  which  happens  all  over  *1.94. 
the  Earthy  except  juft  at  the  Poles . 

Definition  XX. 

Thofe  Points  of  the  Ecliptic  in  which  it  is  cut  by  1155 
the  JEquator *  are  call'd  the  iEquinodcial  Points  ;*xog* 
becaufe  the  Sun  is  in  thofe  Points  when  the  a- 
bove-mention5d  Equality  of  Day  and  Night 
happens. 


Definition  XXI. 

Thefe  Points  of  the  Ecliptic ,  in  which  the  Tropicks 
touch  that  Circle  f  are  call'd  the  Solfticial  Points  ;* lc 3^ 
Becaufe  for  a  few  Days,  when  the  Sun  comes  to 
thoie  Points,  and  goes  beyond  them,  it  does 
not  fenftbly  change  its  Declination,  and  the 
Length  of  the  Days  does  not  fenfibly  vary. 

Under  the  Polesy  if  there  be  any  Inhabitants  1 156 
there, they  can  only  once  in  a  Year  fee  the  riling 
and  the  fetting  Sun,  and  only  one  Day  with  one 
Night  make  up  their  whole  Tear.  The  Sun  conti- 
Rues  above  the  Horizon  all  the  while  it  goes 
thro’  one  half  of  the  Ecliptic;*  the  reft  of  the  *  108  $ 
Time  it  is  hid  under  the  Horizon.  But  yet  II23 
their  Day  is  lengthen'd  upon  account  of  the  Ref  ration * 
and  the  Twilights  laft  very  long ,  for  they  laft  as  1U^ 
long  as  the  Declination  of  the  Sun  towards  the 
hidden  Pole  does  not  exceed  18  Deg*  *XI  t 

At  the  ArElic  Pole,  in  the  firft  fix  Signs,  from  x  1 5  g 
Aries  to  Libra ,  the  Suu  is  above  the  Horizon  ; 
therefore  at  that  Pole  the  Day  exceeds  the  Night 
nine  Natural  Daysf  befides  the  Diminution  of  the*  j 000 
Night  on  Account  of  the  RefraElion  *  *  1157 

'Voi»IL  O2  Thefe 
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Thefe  general  Things  which  relate  to  the  dif¬ 
ferent  Politicos  of  the  Horizon  being  explain’d, 
fome  more  particular  Things  are  to  be  examin’d. 
1159  The  whole  Surface  of  the  Earth  is  divided  into  five 
Zones .  The  firft  is  contain  d  between  the  two  Tro - 
i\6opcs  TT,  tty  (Plate  XXIV.  Fig.  2.)  and  call'd 
the  Torrid  Zone  ;  there  are  two  Temperate 
Zones,  and  two  Frigid  Zones.  The  Northern 
Temperate  Zone  is  terminated  by  the  Tropic  of 
Cancer  T  T,  and  the  Arctic  Polar  Circle  A  A. 

1 161  The  Southern  Temperate  Zone  is  contain'd  be¬ 
tween  1 1 ,  the  Tropic  of  Capricorn,  and  the  Polar 

1162  Circle  a  a.  The  Frigid  Zones  are  circumfer if  d  by 
the  Polar  Circles,  and  the  Poles  are  in  the  Centers  of 
them. 

1163  dn  the  Torrid  Zone,  twice  a  Tear  the  Sun  goes  thro * 
*1137  the  Zenith  at  Noon.*  For  the  Elevation  of  the 
*ji6o Pole  is  lefe  than  23  Deg.  29  Min.*  and  the  Di- 
II27  fiance  of  the  Sim  from  the  Equator  towards  the 

Pole  which  is  above  the  Horizon,  is  twice  in  a 

*  1087  Year  equal  to  the  Height  of  the  Pole .*  For 
1088  which  Reafon  alfo  in  the  Limits  of  that  Zone, 
i\6y namely,  under  the  Tropics,  the  Sun  comes  to  the. 

*  1087  Zenith  only  once  in  a  whole  Year.* 

10S9  j-d  tjoe  Temperate  and  Frigid  Zones ,  the  leafl: 

Height  of  the  Pole  exceeds  the  greatefi  Diftance 
1161  ^  Sun  from  the  -Equator;*  and  therefore 

a  i 62  to  their  Inhabitants  the  Sun  never  goes  thro'  the 
11 66  Zenith  *  Yet  the  fame  Day  the  Sun  rifes  to  a  greater 
fjI37  Height,  the  Jefs  the  Height  of  the  Pole  is  ;  becaufe 
thereby  the  Inclination  of  the  Circles  of  the 
Diurnal  Motion  with  the  Horizon  is  lefs. 

11  £7  In  the  Torrid  Zone,  and  in  the  Temperate  Zones] 

*  i  129 every  Natural  Day  the  Sun  rifes  and  fets  ;  *  for  the 
1  *3  7  Difiance  of  the  Sun  from  the  Pole  always  ex- 

h  ceeds  the  Height  of  the  Pole.*  Yet  every  where 
j  160  under  theTEquator' *  the  Artificial  Days  av e-  unequal 
1161  to  one  another  ;*  which  Inequality  is  io  much  the 
*115**1132  greater 
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greater,  the  lefs  the  Place  is  diflant  from 

Frigid  Zone.4  11 5 4 

But  in  the  Polar  Circles ,  juft  where  theTemperate  1169 
Zones  are  feparated  from  the  Frigid  ones,  the 
Height  of  the  Pole  is  equal  to  the  Diftance  ot 
the  Sun  from  the  Pole,  when  it  is  in  the  neigh¬ 
bouring  Tropic  and  therefore  in  that  Cufe,*]cgp 
that  is  once  a  Tear ,  the  Sun  in  its  diurnal  Motion  1.91 
performs  one  entire  Revolution ,  without  going  down 
under  the  Horizon. 

But  every  where  in  a  Frozen  Zone  the  Height  ot  1  *7° 
the  Pole  is  greater  than  the  leaft  Diftance  of  the 
Sun  from  the  Pole  •*  therefore,  during  fome  Revo-"  1089 
lutions  0}  the  Earth ,  the  Sun  is  at  a  diftance  from  1162 
the  Pole  which  is  lefs  than  the  Pole's  Height,  and 
during  all  that  Time,  it  does  not  fet ,  nor  fo  much 
as  touch  the  Horizon.*  But  where  the  Diftance  *ii35 
from  the  Pole,  as  the  Sun  recedes  from  it,  does 
exceed  the  Height  of  the  Po.e  or  Latitude  of 
the  Place,*  the  Sun  rifes  or  fets  every  Natural*  1117 
Day  ;*  then  in  its  Motion  towards  the  opposite  T 129 
Pole,  it  (lays  in  the  fame  manner  below  the  Horizon,  1 17 1 
as  was  faid  of  the  Motion  above  the  Horizon*. 

Thefe  Times,  in  which  the  Sun  makes  entire 
Revolutions  above  the  Horizon,  and  below  it, 
in  its  Diurnal  Motion,  are  fo  much  the  greater, 
that  is,  the  longefl  Day  and  Night  Lift  the  longefl , 
the  lefs  the  Place  in  the  Frigid  Zone  is  diflam  from  ny2 
the  Pole ,  till  at  laft  at  the  Pole  itfelf  they  take 
up  the  Time  of  the  whole  real. 

From  the  fame  Caufes,  namely,  the  Obli¬ 
quity  of  the  Ecliptic  in  refped  of  the  Equator, 
by  which  are  occafion’d  all  the  Things  which 
relate  to  the  Inequality  of  Days  which  is  dif¬ 
ferent  in  different  Places  ;  we  alfo  deduce  the 
Difference  of  Seafons,  which  fucceed  one  ano¬ 
ther  everv  \ear  j  I  {hall  fpeak  of  them  nrft  m 

n  re- 
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refpcft  to  the  Frigid  and  Temperate  Zones, 

Vkheipin  relped  to  rhe  Tornd  z°ne- 
>  » e  KilP  ot  the  Sun  communicate  Heat  to 

llC  f u’  "°L  on|y  when  they  come  diredly  from 
ne  bun,  but  when  they  are  reflected  irregularly 
53=  mom  Bodies  or  the  Surface  of  the  Earth.*  Y 
i  m-  Erreit  is  fo  much  greater  as  the  Rays 

■lhlk  p  tal  le(s  oWqudy  a  gam  if  the  Surface  of 
the  Larth  ;  and  that  upon  a  double  account. 
I.  If  you  refolve  the  Motion  of  the  Light  into 
two  Motions,*  one  of  which  is  parallel  and 

£rethf^di^r  t0  the  of  the 

;  n  J/  he  LlSnt  a<Ss  upon  Bodies  only  by  this 

cncr^fes0”’,  "S*  diminiftes  3S  che  Obliquity 
„  ~  s-  2.  There  are  more  Rays  ading  at 

the  Earth  “ii"  the  fai?e  Parc  of  the  Surfece  of 
the  Larth,  the  more  diredly  they  come  upon 

*73  Hence  we  deduce,  that  the  Caufes  of  Heat  en- 
aeaje  when  the  Days  encreafe,  by  the  Sun  comine 
towards  that  Pole  which  is  above  the  Horizon  • 

K?  f  *<**  daily  afcend  to  a  gS 
Hmght  j  fo  that  to  the  diminifli’d  Obliquity  is 

the  Horizon^ botlPwhich Concur  S'th™ 
asnfheDayfeeat  ‘  f  =  «  dL“K 

a,  the  Day  s  encreafe,  and  the  Heat  that  is  pro¬ 
duc  d  by  Day  has  lefs  Time  to  decreafe  ij  P 

the1  Cmfe^fHern  Z°‘T’  as  follows  from  this, 

Tnthe  hLCTS  t0  ,thC  Tr°Pic  of  dancer*  Yet 

^  CauMof  H  \mt  ilwayS  th?  ZreateA 

cr t  grmteJl ;  for  the  Heat  en- 
cr«.ales  as  iong  as  that  which  is  acquir'd  bv  Dw 

daily' Aumlly  deftr0y  U  by  Night^  for  thoMlm 
there  be  as  long  as 

.  Augmentation  the  Heat  encreafes 
.75  So  alfo  .ho  bo«  inK„ft  ColH  #  “"“;S 
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(horteft  Day,  in  which  the  Obliquity  of  the  Sun’s 
Rays  is  the  greateft,and  the  Abfence  of  the  San 
the  longeft  ;  but  the  Cold  encreafes,  us  long  as 
the  Diminution  of  Heat  does  laft  ,*  concerning 
which  one  may  reafon  in  the  fame  manner,  as 

concerning  the  encreafe  of  Heat. 

The  Tear  is  divided  into  four  Seafons ;  the  hottejt  is  1175 
call'd  the  Summer ;  the  coldeft  the  Pointer ;  the  temperate 
Seafon  that  follows  the  Winter ,  Spring  ;  and  the  Au¬ 
tumn  comes  in  between  Summer  and  IWinter. 

In  the  Northern  Regions,  in  the  beginning  of  Spring,  1177 
the  Sun  appears  to  be  in  the  beginning  of  Aries ;  in 
the  beginning  of  Summer  the  Sun  comes  to  the  Iropic 
of  Cancer.  When  the  Sun  enters  Libra,  the  Au¬ 
tumn  begins  :  in  the  beginning  of  Winter  the  Sun  per¬ 
forms  its  diurnal  Motion  in  the  tropic  of  Capricorn; 
all  which  may  be  ealily  deduc’d  from  what  has*JI7^ 

been  explain’d.  *  ■  l  117 1 

In  the  Southern  Regions,  the  Summer  happens  in  the  1 

Time  of  the  Winter  abovemention  d,  and  they  have  their 

Spring  whilft  the  former  have  their  Autumn  j  and  Jo 

of  the  other  Seafons-  rk.  .r 

The  general  Caufes  upon  which  theDivihoii 

abovemention’d  depends,  are  often  difturb  d  by 
Caufes  relating  to  particular  Place*  efpecially  m  1 179 
the  7 oir id  Zone,  of  which  we  faid  we  muft  treat 
of  feparately.  In  moft  Places  of  this  Zone  there 
are  only  two  Seafons  obferv  dy  (viz  )  Summer  and 
Winter,  which  are  chiefly  difiinguifh  d  by  dry  and  wet 

Weather .  ,  _  .  7  r  0 

When  the  Sun  comes  to  the  Zenith  of  any  iko 

Vince  there  are  almoft  continual  Rairis,  upon 

w^ich  account  *  H«  is  dimmed,  .hjch 

lime  is  ref  err’d  to,  or  call  d  Winter.  As  the  Sun 

recedes,  the  Rains  diminifh,  the  Heat  is  enoeajerf ,  1 181 

and  that  Time  is  refer/d  to  Summer . 

. 
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1182  /«  the  middle  of  the  Torrid  Zone,  there  are  two 

*  Summers,  and  as  many  Winters ;  becaufe  the  Sun 

-*  1 16]  comes  up  twice  to  the  Zenith.  * 

Towards  the  Sides  of  this  Zone,  tho’  the  Sun 
comes  twice  to  the  Zenith  ;  yet  fince  there  is  but 
a  i mall  rime  between  its  coming  to  it  the  firft 
and  fecond  Time,  both  the  Winters  are  con¬ 
founded  into  one;  wherefore  only  two  Seafons 
111  a  Year  are  obferv’d  there. 


952 


CHAP.  IX. 

Concerning  the  Phenomena  arijing  from  the 
Motion  of  the  Axis  of  the  Earth. 

E  have  faid  that  the  Axis  of  the  Earth 
.  is  carried  by  a  parallel  Motion  *  • 
we  have  notconfider’d  a  fmall  Motion,  where- 

foeak 1S  rCa  y  m°V  (i’  of  Which  we  fhal!  now 

the  Inclination  of 
dd  Beg  3  i  Min.  to  the  Plane  of  the  EcMptick '  re- 

it'U  t that  is,  is  fucceffiVely 
earned  towards  all  Parts;  and  its  Extremir.Vc 

? 1 84  (vizf  the  P oles  of  the  World  defer, be  Circles'  round 

the  Poles  of  the  Ecliptic ,  from  Eaft  to  Weft.  And 

this  devolution  is  perform' d  in  the  Time  of  abo  rt 

gx>o  7emt  which  Period  is  called  thf  gZ 

ble^bvdrlV^lf  13  ^  llpon  as  immovea- 

the  heavenly  Bodfes^shas  teSf  t0 

Motions.  Therefore 

World  arc  raoy  d  about  the  Poles  of  the  Ecliptic 

Poles,  thefe  Points  tlLnfd;ef«\a;L^ 


th 
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the  fixed  Stars  that  are  in  them,  come  towards 
the  Poles  of  the  World  fucceflively,  and  feem  to 
be  carried  in  Confequentta ,  and  to  deferibe  Circles 
which  are  really  described  by  the  Poles  of  the 
i  World  about  the  Poles  of  the  Ecliptic,  which, 
being  plac’d  in  Centers,  alone  are  at  reft.  For 
together  with  the  Stars  abovementiond,  the 
reft  of  the  Stars  (becaufe  they  keep  the  fame 
fituation  in  refpedt  to  one  another)  *  do  alfo  ap-*  9** 
pear  to  be  moved. 

Therefore  the  whole  Sphere  of  the  fix'd  Stars  yll% 5 
feems  to  move  in  Confequentia  about  an  Axis  paffing 
thro'  the  Poles  of  the  Ecliptic ;  and  each  Star  appa¬ 
rently  deferibes  a  Circle  parallel  to  the  Ecliptic  ; 
by  which  Motion  the  Latitude  of  the  Stars  is 
not  chang’d. 

The  Plane  of  the  ^Equator  makes  a  right  An¬ 
gle  with  the  Axis  of  the  Earth ;  therefore,  by  the 
aforefaid  Motion  of  its  Axis,  the  Section  of  the 
Plane  of  the  ^Equator  with  the  Plane  of  the11^ 
Ecliptic,  is  mov’d  round  ;  wherefore  the  firfif 
Points  of  Aries  and  Libra  *,  which  are  always  op-  :cS  ^ 
pofite,  move  thro *  the  vohole  Eclipiick  Line  in  the 
Space  of  about  250.00  in  Antecedentia:  yet 
they  are  look’d  upon  as  immoveable  by  the 
Inhabitants  of  the  Earth,  who  imagine  that 
the  fix’d  Stars  themfelves  are  mov’d  in  Con - 
fequentia.*  .  g 


CHAP.  X. 

Concerning  the  fix'd  Stars. 

WE  have  faid  that  the  fix’d  Stars  are  lucid 
Bodies,  remov’d  fo  far  off,  that  their 
Pittances  can  be  compar’d  with  no  Pittances  in 

the 
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Xi 87  the  Planetary  Syftem.  For  Aflronomers  have  not 
been  able  by  their  nicefl  Obfervations ,  to  obferve  the 
Poles  of  the  Wor  ld  canted  out  of  their  Place  in  the  an¬ 
nual  Motion  of  the  Earth ,  altho’  they  deferibe  Cir¬ 
cles  in  the  Heavens  which  are  equal  to  the 
*,95*  Earths  Orbit.  * 


Definition  I. 


1188  This  Motion  of  the  Pole  is  call’d  the  Annual 
Parallax . 


That  the  fix’d  Stars  are  at  an  immenfe  Diftance, 
is  alfo  prov’d  by  Obfervations  with  the  help  of 
1 1  Bp  Telefcopes.  If  any  fix'd  Star ,  even  the  mod  lucid 
and  confpicuous,  be  beheld  with  a  Telefcope ,  thro* 
which  the  Diameter  of  the  Sun  wou'd  appear 
equal  to  the  Diameter  of  the  Earth’s  annual  Or¬ 
bit,  it  will  appear  to  be  a  lucid  Point ,  without  any 
fenfible  Magnitude  ;  for  all  the  fix'd  Stars  appear 
lefs  when  they  are  feen  thro*  Telefcopes,  than 
they  do  to  the  naked  Eye  ,*  for  it  is  only  their 
Twinkling  which  makes  them  appear  to  Jjave 
any  fenfible  Magnitude. 

1 1  cjo  Eh  at  the  Stars  may  be  diflinguijhed ,  they  are  re¬ 
ferred  to  various  Figures ,  which  are  imagind  in  the 
Heavens ,  and  are  call  dConfiellations . 
jtpi  Twelve  Conflellations  are  imagind  to  be  in  the  Zo¬ 
diac  ^  which  are  call'd  the  Signs  of  the  Zodiac ;  they 
receive  their  Names  from  the  Animals  or  Things 
1192  which  they  reprefent :  Aries,  Taurus ,  Gemini ,  Can¬ 


cer ,  Leo,  Virgo ,  Libra ,  Scorpius ,  Sagittarius ,  Capri¬ 
cornus ,  Aquarius ,  Vifces.  Thefe  Signs  have  given 
their  Names  to  twelve  Parts  of  the  Ecliptic ,  of  which 
*  999  we  have  fpoken  before.  * 

In  the  Time  ot  Hipparchus ,  the  Sedions  of  the 
Ecliptic  and  ^Equator  were  between  the  Con- 
ftellations  of  Pifies and  Aries ,  and  Virgo  and  Libra » 
and  the  Conftdlations  gave  their  Names  to  thofe 

Part? 


1 
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Parts  of  the  Ecliptick,  which  pafs’d  thro*  each 
Conftellation  :  And  the  Parts  of  the  Ecliptic,  fuppofing  119$ 
the  beginning  of  Aries  and  Libra,  in  the  Inter  feBions 
of  the  JEquator  and  the  Ecliptic ,  have  kept  the  Names 
•which  they  had  at  that  Time,  tho  thefe  InterfeBions 
be  carried  from  their  old  Places  *  ;  whence  the  Sim*  n86 
is  faid  to  be  in  Taurus ,  when  it  moves  amongft 
the  Scars  of  the  Conftellation  Aries . 

The  Zodiac  feparates  the  North  Part  of  the 
Heavens  from  the  South  Part. 

In  the  Northern  Region  are  the  following  Conflella- 
tions ;  the  Leffer  Bear ,  the  Greater  Bear ,  the  Dragon , 
Cepheus ,  the  Hounds ,  Bootes ,  the  Northern  Crown , 
Hercules ,  the  Harp ,  the  Swan,  the  Lizard,  Qaffiopeia , 
Camelop ardus,  Perfeus,  Andromeda,  the  Triangle , 
the  leffer  Triangle,  the  Fly,  Auriga ,  Pegafns ,  or  the 
Flying-Horfe,  Equuleus,  the  Dolphin,  the  Fox,  the 
Goofe,  the  Arrow,  the  Eagle ,  Antinous,  Sobiesky  s 
Shield,  Serpent arius,  the  Serpent,  Mount  Manalus , 
Berenice's  Hair,  the  Leffer  Lion,  the  Linx. 

In  the  Southern  Region  of  the  Heavens,  are  the  fol¬ 
lowing  Constellations,  many  of  which  are  invifiblejo  us:**i\'i\ 
namely,  the  Whale ,  the  River  Eridanus,  the  Hare , 

Orion,  the  great  Dog,  Rhinoceros,  the  leffer  Dog,  the 
Ship  Argo,  Hydra,  the  Sextant  of  Urania,  the  Cup, 
the  Crow,  the  Centaur,  the  Wolf,  the  Altar,  the 
Southern  Crown,  the  Southern  Fifh,  the  Phoenix,  the 
Crane,  the  Indian,  the  Peacock,  the  Bird  of  Para- 
dife,  the  Southern  'Triangle,  the  Crofs,  the  Fly,  the 
Chamoeleon,  King  Charles^  Oak,  the  flying  Fifh ,  the 
Toucan,  or  American  Goofe,  Hydrus ,  or  the  Water- 
Serpent,  Xiphias ,  or  the  the  Sword-Fifli. 

Definition  II. 

The  Stars,  which  are  between  the  Conftellations 9  are  1196 
calf  d  unform’d  Stars. 

All  the  Stars  are  not  equally  lucid ,  and  they  are  1197 
referrd  by  Aftronomers  to  ft ^  Claffes,  the  qnoft  1h- 

cid 
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eid  ate  call’d  Stars  of  the  firft  Magnitude 
others  are  faid  to  be  Stars  of  the  fecono 
Magnitude,  others  of  the  third,  &c .  to  the  iixthi 
Magnitude.  ,  * 

i  ipB  Some  are  not  refer/ d  even  to  this  lafl  Clafs ,  and  ar 
calf  d  Nebulous  Stars. 

11 99  Eh  ere  is  alfo  a  certain  Zone  or  Belt  obferv’d  if. 
the.  Heavens ,  which  is  not  everywhere  of  the  fame 
Breadth,  and  goes  round  the  whole  Heavens 
and  in  fome  Places  is  feparated,  fo  as  to  become 
double.  From  its  Colour  it  is  call'd  the  milk 

j» 

1200  Way.  It  is  plain  from  Obfervations,  by  the  help 
of  the  Telefcope,  that  this  Way  is  an  AJfemblagi 
of  innumerable  fix  d  Stars ,  vihich  cannot  be  feen  by  tht 
naked  Eye ,  either  becaufe  they  are  lefs  than  the 
other  Stars,  or  more  diftant. 

1201  ‘Towards  the  Ant  ar /lie  Vole  there  are  two  Nubecula, 
of  the  fame  Colour  as  the  Milky  Way ,  which  are  alfil 
heaps  of  j mall  Stars ,  and  cannot  be  feen  without! 
a  Telefcope.  Bdides  the  Star^,  which  are  ob«) 
ferv’d  in  thefe  Nubeculas,  and  in  the^Milky  Way, 

iioito  whatfoever  Part  of  the  Heavens  you  point  the  Tele - 
Scope  jou  may  difeover final!  Stars  in  a  great  Number 
which  are  not  vijible  to  the  naked  Eye.  Very  often 
an  heap  of  Stars  appears  to  the  naked  Eye  to  be; 
but  one  Star. 

1203  Amongft  the  Stars ,  fome  are  vijible  and  invifible  by 
fits ,  and  obferve  regular  Periods  ;  others  are  fuc~- 
ceilive:y  fometimes  more  lucid,  fometimes  of  a 
duller  Light,  and  to  be  feen  only  by  the  help  a: 
Telefcope,  and  that  at  certain  Times. 

1204  let  they  are  not  equally  bright,  tit  every  Period. 

Sometimes  Stars  have  appear  d  fuddenly ,  exceeding 

the  brighteft  in  Light ,  which  afterwards  fucceffively  de- 
creajing ,  have  vcmififd  in  a  [hoi  t  Time ,  ana  fill  remain 
znvifible. 

^  205  Bdides  the  Stars,  we  obferve  in  the  Heavens  fe¬ 
deral  whit  if  Spots ,  which  age  in  fome  meafuxe  lucid , 

and 
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md  invifible  to  the  naked  Eye ;  their  Light  is  referr’d 
:o  the  Stars  which  are  in  them,  or  they  are  look’d 
upon  as  nebulous  Stars. 

What  thefe  Spots  are,  cannot  be  determin’d, 
oerhaps  they  are  a  Congeries  of  Stars,  which 
aave  the  fame  Relation  to  the  Telefcopic  Stars, 
las  thofe  which  form  the  Milky  Way,  have  to 
:hofe  which  are  feen  by  the  naked  Eye. 
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BOOK  IV. 


Part  II. 


The  Phylical  Caufes  of  the  Celeftial 

'Motions. 


CHAP.  XI. 

Concerning  univerfal  Gravity . 


|Aving  explained  the  Motions  of  thd 
heavenly  Bodies,  and  the  Phenome¬ 
na  arifing  from  them,  we  mu  ft  now 
examine  by  what  Laws  thefe  Moti¬ 
ons  are  perform'd. 

We  have  before  laid  down  the  Laws  according 
i24  to  which  the  Motions  of  Bodies  are  dire&ed.  * 
HI  “we?dd  one  to  thefe,  we  fhall  fee  the  whole 
Contrivance  by  which  that  vaft  Machine  the 
Planetary  Syftem  is  govern’d. 

20(5  p  The  Law  t0  be  added  to  the  reft,  is  this.  All 
Bodies  are  mutually  heavy  (or  gravitate)  towards 
2°7  each  other .  this  Gravity  is  proportional  to  the  Qiian- 
2  0'  tity  of  Matter  ;  At  unequal  Difiances  it  is  inverjly  as 

%  she 
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*he  Square  of  the  Di fiance  .*  That  is,  all  Bodies 
mutually  attract  or  tend  cowards  each  other,  with 
the  Force  which  belongs  to  each  Particle  ot  Mat¬ 
ter  adting  upon  each  Particle ;  and  the  Force, 
with  which  a  Body  adts  upon  others,  is  com¬ 
pounded  of  the  joint  Forces  of  all  the  Particles 
of  which  the  Body  confifts  ;  fo  this  Force  en- 
creafes  in  the  fame  Proportion  as  the  quantity  of 
Matter,  and  is  unchangeable  in  every  Particle; 
it  is  always  the  fame  at  the  fame  Didance  ;  but 
the  Diitance  encreafing,  the  Force  decreafes  as 
the  Square  of  the  Di  dance  increafes. 

We  call  this  Force  Gravity,  when  we  confider  a  12  op 
Body  which  ofitfelf  tends  towards  another  ;  becaufe 
this  Force  is  call'd  by  this  Name  near  the  Earth's 
Surface.  *  *73 

But  when  we  confider  a  Body ,  towards  which  ano - 1210 
they  tends ,  we  call  this  Force  AttraElion.  We  mean 
the  famcEffedt  by  thefe  Names,  and  nothing  but 
the  Effedt  ;  for  Bnce  all  Gravity  is  reciprocal,  *  it*  126 
is  the  fame  to  fay,  all  Bodiesgravitatemutually 
towards  one  another,  as  that  Bodies  mutually 
attradl  one  another,  or  mutually  tend  towards 
each  other. 

We  look  upon  this  EfFedfc  as  a  Law  of  Nature  *,  *  4 
becaufe  it  is  condant,  and  its  Caufe  is  un¬ 
known  to  us,  and  cannot  be  deduc’d  from  Laws 
that  are  known,  as  w^  fliall  fhew  by  and  by. 

Now  that  there  isfuch  a  Gravity,  is  to  be  prov’d 
from  Phenomena. 

All  the  primary  Planets  are  kept  in  their  Or¬ 
bits  by  Forces,  which  tend  towards  the  Center 
of  the  Sun  *  ;  therefore  there  is  a  Force  by  ♦  544 
which  the  Planets  are  carried  towards  the  Sun,  *26 
and  whereby  the  Sun  tends  reciprocally  towards 
each  of  them  *  :  That  is ,  the  Sun  and  Planets  1 2  r  1 
gravitate  mutually  towards  each  other. 

After 
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I2  j 2  After  the  fame  manner  ’t is  plain,  that  ^  Sa¬ 
tellites  of  Jupiter  and  Jupiter  gravitate  towards  each 

*  „  „  other ;  as  alfo  that  the  Satellites  of  Saturn  gravitate 

towards  their  Primary  Planet ,  and  that  towards' 

126  them A 

1213  Hhe  Moon  and  the  Earth  alfo  gravitate  towards 

*  966  each  other A 

226  All  the  Secondary  Planets  gravitate  towards  the 
Sun.  For  they  are  all  carried  by  a  regular  Mo- 

I2I^tion  about  their  Primary  Planets,  as  if  the  Pri¬ 
mary  Planets  were  at  reft ;  whence  it  is  plain, 
that  they  are  carried  about  by  the  common  Mo¬ 
tion  with  the  Primary  Planets  ;  that  is,  that 
the  fame  Force  by  which  the  Primary  Planets 
are  every  Moment  carried  towards  the  Sun,  ads 
upon  the  Secondary  ones ,  and  that  they  are  carried 

1215  towards  the  Sun  with  the  fame  Celerity  as  the  Pri¬ 
mary  Planets .  Even  the  Irregularities  of  the  Se¬ 
condary  Planets,  which  are  fo  fmall,  as  only  to 
be  fenftble  with  refped  to  the  Moon,  confirm 
this  Gravity  of  the  Secondary  Planets  towards 
the  Sun ;  for  we  ftiall  ftiew  herereafter  that  all 
the  Irregularities  are  caus’d  by  the  Change  of 
the  Moon’s  Gravity  towards  the  Sun,  at  a  dif¬ 
ferent  Diftance  ;  and  becaufe  the  Lines  in  which 
the  Earth  and  Moon  tend  towards  the  Sun  are 
not  altogether  parallel. 

1216  From  the  Gravity  of  the  Secondary  Planets 
towards  the  Sun,  it  follows,  that  the  .  Sun  gravi - 

* 126  tates  towards  them .* 

1217  In  refped  of  the  Gravitation  of  the  Primary 
Planets  towards  one  another,  Aftronomers  have 
obferv’d,  that  Saturn  changes  its  Way  when  it  is. 
neareft  to  Jupiter ,  which  is  far  the  greateft  of 
all  the  Planets  ,♦  fo  that  it  is  plain  from  immedi¬ 
ate  Obfervations,  that  Jupiter  and  Saturn  gravi¬ 
tate  towards  each  other . 
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Jupiter  alfo  in  this  Cafe,  as  Flamfleed  has  ob-  1218 
ferv’d,  difturbs  the  Motion  of  the  Satellites  of  Sa¬ 
turn,  attracting  them  a  little  to  itfclf  •  which 
proves  that  thefe  Satellites  gravitate  towards  Ju¬ 
piter,  and  Jupiter  towards  them.  From  all  which 
Conftderations  *  compar’d  together,  it  follows, * i2ti 
that  the  feventeen  Bodies,  of  which  the  Plane-  i2**, 
tary  Syftem  is  made  up,  mutually  gravitate  to-  111 
wards  each  other,  altho’  no  immediate  Obferva- 
tions  can  be  made  concerning  the  Gravitation  1217, 
of  each  particular  one  towards  the  reft.*  I2lS- 

The  fecond  Part  of  the  Law  is,*  that  Gra¬ 
vity  is  proportional  to  the  Quantity  of  Matter; 
that  is,  that  all  the  Particles  of  Matter  gravitate 
towards  each  other;  and  therefore  that  the  Law 
of  Gravity  is  univerfal,  and  that  every  Body  ads 
upon  all  other  Bodies;  which  is  deduc’d  from 
Phaenomena. 

The  Forces  of  Gravity  are  as  the  Quantities  I2I ^ 
of  Motions  which  they  generate/  and  thefe  * 
Quantities,  in  unequal  Bodies  that  are  equally 
fwift,  are  to  one  another  as  the  Quantities  of 
Matter  ;*  therefore  fince  unequal  Bodies  at  the 
fame  Diftance  from  the  attracting  Body,  move 
equally  fwift  by  Gravity,*  it  is  evident,  that* 
the  Forces  of  Gravity  are  proportional  to  the 
Quantity  of  Matter.  We  find  the  fame  in  all  1220 
Bodies  near  the  Earth' s  Surjace ,  which  have  a 
Gravitation  towards  the  Earth,  proportional  to 
their  Quantity  of  Matter.*  But  the  mutual  Gra¬ 
vity  of  all  thefe  Bodies  towards  one  another  is  not 
fenftble ;  becaufe  it  is  exceeding  fmall  in  refpe6t 
of  their  Gravity  towards  the  Earth  ;  and  there¬ 
fore  cannot  difturb  their  Motion  arifing  from 
their  Gravity  towards  the  Earth  ;*  at  leaft,  fo 
as  to  make  any  fenftble  Change  in  the  Diredicn 
of  their  Motions 
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We  ftiall  prefently  (hew,  by  another  Method, 
that  this  univerfal  Gravity  of  all  the  Particles 
of  Matter  whereby  they  ad  upon  one  another, 
*i 22 2 may  be  proved  from  Phaenomena* 

The  third  Part  of  the  Law,  which  we  ex¬ 
amine,  is,  that  Gravity  decreafes  when  the  Di- 
ftance  encreafes,  and  is  inverfly  as  the  Square  of 
the  Diftances,  which  alfo  follows  from  Phaeno¬ 
mena. 

1221  Bodies,  upon  which  Gravity  ads  according 
to  their  Quantity  of  Matter,  as  in  our  Syftem, 
are  mov’d  with  an  equal  Celerity  in  the  fame 
Circumftances,  as  we  faid  before  ;  fo  that  it  is 
no  matter,  whether  the  Bodies  are  greater  or 
lefs  •  and  they  are  mov’d  as  if  they  were  equal. 
But  in  this  Cafe,  if  the  Force  towards  a  Point 
decreafes  in  an  inverfe  Ratio  of  the  Square  of 
the  Diftance  from  that  Point,  and  the  Bodies 
move  at  various  Diftances  from  it,  and  are  kept 
in  Circles  by  that  Force ;  the  Squares  of  the  Pe¬ 
riodical  Times  will  be  to  one  another,  as  the 

*  239  Cubes  of  the  Diftances  *  Which  is  demon- 
ftrated  by  Geometers  to  obtain  fin  refped  of 
the  Mean  Diftances  )  in  Elliptic  Lines,  whofe 
Forces  are  direded  to  their  Foci.  But  this  is 
the  Cafe  in  Bodies  which  revolve  about  the  Sun , 

* 974  Saturn  and  Jupiter-*  whence  it  follows,  that  the 
Force  of  Gravity,  receding  from  the  Centers  of 
thefe  Bodies,  decreafes  in  an  inverfe  Ratio  of 
the  Squares  of  the  Diftances. 

1222  By  this  Reafoning;  fuppoling  Gravity  pro¬ 
portional  to  the  Quantity  of  Matter,  we  de- 
monftrate,  that  it  decreafes  in  an  inverfe  Ratio 
of  the  Square  of  the  Diftance.  And  by  the 
fame  Reafoning ;  fuppofing  the  Diminution  of 
Gravity  to  be  in  this  Proportion,  it  follows,  that 
Gavity  is  proportional  to  the  Quantity  of  Mat¬ 
ter,  as  is  very  evident. 


But 
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But  we  prove  by  another  Argument,  that  the 
Diminution  of  Gravity,  fo  often  mention’d,  is  in 
j  an  inverfe  Ratio  of  the  Square  of  the  Defiance  ; 
fo  that  there  can  remain  no  Doubt  concerning 
the  two  Laws  of  Gravity  which  we  now  treat 
of. 

The  Planets  are  mov’d  in  Orbits  at  reft;*  1225 
j  and  are  kept  in  them  by  Forces,  which  are  di-  *919 
;  reded  to  an  Excentric  Point  ;*  but  it  is  plain,  *  93l 
1  that  this  wou’d  not  obtain,  if  the  central  Force 
did  not  encreafe  in  an  Inverfe  Ratio  of  the  Square  *  241, 
of  the  Diftance  *  243  ’ 

It  follows  from  the  fame  Reasoning,  that  re- 1224 
;  ceding  from  the  Center  of  the  Earth,  Gravity 
:  decreafes  according  to  the  fame  Law.  For  the 
1  Moon  is  retain’d  in  its  Orbit  by  a  Force  which 
tends  towards  the  Center  of  the  Earth,  that  is, 
to  an  Excentric  Point  :*  And  tho’  the  Line  of  *9,5^ 
the  Apfides  is  not  carried  by  a  parallel  Motion,  9^0 
its  Agitation  is  fo  fmall,  if  we  confider  every  226 
Revolution,  that  it  may  be  look’d  upon  here  as 
quiefcent  :  For  if  we  compute  the  Force  which 
keeps  the  Moon  in  its  Orbit  fo  agitated,  we 
fhall  find  the  Diminution  of  the  Force  of  Gra¬ 
vity  in  refped  of  the  Moon,  to  differ  very  little 
from  an  Inverfe  Ratio  of  the  Square  of  the  Di- 
t  ftance  ;  and  we  fhail  fhew  hereafter  that  this 
j  Difference  depends  upon  the  Adion  of  the  Sun. 

And  no  Doubt  will  remain  concerning  this  I22r 
Diminution,  if  we  confider,  that  the  Moon  is  kept 
in  its  Orbit  by  that  very  Force,  wherewith  Bodies  are 
1!  carried  towards  the  Earth ,  near  the  Earth's  Surface  ; 
which  is  diminifti’d,  according  to  the  Law  of 
!  Diminution  fo  often  mention  d.  The  Mean  Di- 
I  ftance  of  the  Moon  is  60!  Semidiameters  of  the 
j  Earth  :  We  have  before  fhewn,  that  a  Diame- 
pter  of  the  Earth  contains  5400 669  Rhynland 
Perches  ;*  whence  knowing  the  Periodical  Time,  *  976 
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we  eafily  difcover  that  the  Moon  in  one  Mi¬ 
nute  of  Time,  goes  through  16425'  Rhynland 
Perches  of  her  Orbit.  This  Arc  is  not  the  hun¬ 
dredth  Part  of  one  Degree,  and  may  be  looked 
upon  as  its  Subtenfe  ;  therefore  the  Diameter  ot 
its  Orbit  is  to  this  Arc,  as  the  Arc  itfelf  is  to 
its  Verfed  Sine  •  which  is  difcover  *d  to  be  o i 
15,736  Rhynland  Feet  ,*  and  it  is  the  Space  which 
the  Moon  and  Earth  wou’d  go  thro*  in  one  Mi¬ 
nute,  coming  to  one  another  by  their  mutual 
Attraction.  The  Celerity  with  which  a  Body 
comes  to  another  by  the  Force  of  Gravity,  de¬ 
pends  upon  the  Force  with  which  it  is  attracted 
by  that  other,  all  whofe  Particles  of  Matter  at¬ 
tract  it  •  therefore  the  Celerities  of  the  Moon 
and  Earth,  as  they  come  towards  each  other, 
are  inverfly  as  the  Quantities  of  Matter  in  them  * 
which  is  aifo  deduc'd  from  the  equal  Quantity 
*12 6  of  Motion  that  is  in  each  Body.*  Therefore 
G  by  this  Proportion  we  difeover  how  much  of 
the  aforefaid  Space  (of  15,73d  Feet)  is  gone 
thro'  by  the  Moon,*  as  the  Quantity  of  Matter 
in  both  Bodies,  is  to  the  Quantity  of  Matter  in 
the  Earth  :  So  is  the  Space  gone  thro*  by  both 
Bodies  in  their  mutual  Accefs  towards  each 
other,  to  the  Way  gone  thro’  by  the  Moon  on¬ 
ly.  The  Quantities  of  Matter  in  the  Moon 
and  in  the  Earth,  as  we  fhall  {hew  hereafter,  are 
to  one  another  as  1,  to  39, 37  ;  and  40,  37,  is  to 
39,  37,  as  15,736  to  15,344,  the  Space  gone  thro* 
by  the  Moon  ;  which  therefore  wou*d  be  gone 
thro*  in  one  Minute  by  any  Body,  which  at  the 
Moon’s  Diftance  fliou  d  be  imped’d  by  Gravity 
towards  the  Earth.  This  Force  increafing  in  an 
Inverfe  Ratio  of  the  Square  of  the  Diftance 
from  the  Center,  the  Space  gone  thro*  in  the 
fame  Time  at  the  Diftance  of  a  Semidiameter 
ot  the  Earth,  that  is,  on  its  Surface,  will  be 
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6o\x6o\  xi  5,344,  (viz*.)  56158  Feet;  bat  becaufe 
in  every  Motion  equably  accelerated,  as  here 
(  for  we  confider  the  Force  as  remov'd  from  the 
Earth’s  Center  to  the  Diftance  of  its  Surface) 
the  Squares  of  the  Times  are  as  the  Spaces  gone 
thro'  in  the  Fall  •*  by  dividing  the  Number  by  *  131 
<5o  x  50,  that  is  36003  we  have  the  Space 
gone  thro'  by  a  Body  in  one  Second,  near  the 
Earth's  Surface,  by  the  Force  with  which  the 
Moon  is  kept  in  its  Orbit,  which  is  difcover’d 
to  be  15,6.  Rhynland  Feet. 

Now  if  we  examine  the  Gravity  which  we 
daily  find  in  all  Bodies  near  the  Earth's  Sur¬ 
face,*  it  is  plain,  from  what  has  been  laid  con-  *  72 
cerning  the  Motion  of  Pendulums/  and  from  *  157, 
Experiments  made  upon  Pendulums,  that  a  Bo-  158 
dy  in  falling  goes  thro’  15,6.  Rhynland  Feet  in 
one  Second  of  Time,  and  therefore  fails  with 
the  Force  by  which  the  Moon  is  kept  in  its  Or¬ 
bit. 

In  this  Computation  we  have  negle&ed  to 
conlider  the  Adtion  of  the  Sun,  becaufe  it  is 
fmall,  and  fometimes  encreafes,  fometimes  di- 
minifhes  the  Gravity  of  the  Moon  towards  the 
Earth. 

We  have  conlider’d  the  Centers  of  Bodies  in 
examining  the  Law  of  the  Diminution  ot  Gra¬ 
vity,  altho’  Gravity  belongs  to  all  the  Particles 
of  Bodies;  becaufe  it  is  plain  by  Mathematical 
Demonftration,  that  the  Action  of  a  fpherical  Bo- 1226 
dy  (in  which,  in  every  Part ,  the  Particles  that  are 
equally  di ft  ant  from  the  Center ,  are  homogeneous,  and 
which  is  made  up  of  Particles,  towards  which  there  is 
a  Gravity  that  decreafes,  receding  from  each  o  f  them 
in  an  Inver fe  Ratio  of  the  Square  of  the  Di fiance)  is 
directed  towards  the  Center  of  the  Body ,  and  receding 
from  it,  is  diminish'd  in  the  fame  Iaverfc  Ratio  of 
the  Square  of  the  Diftance  :  So  that  fuch  a  Body 
*  P  3  afts, 
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a&s,  as  if  all  the  Matter  of  which  it  confifts, 
was  collected  in  its  Center.  Whence  we  deduce 
the  following  Conclulions. 

1227  That  on  the  Surfaces  oj  Bodies ,  in  which  the 
Matter  is  homogeneous  at  equal  Diftances  from  the 
Center ,  the  Gravity  is  direflly  as  the  Quantity  oj  Mat - 

*  noyjer,  and  inverfly  as  the  Square  of  the  Diameter 
1208  for  in  thefe  Bodies  the  Diftances  from  the  Cen¬ 
ter  are  as  the  Diameters. 

1228  That  on  the  Surfaces  of  Bodies  that  are  fpherical , 
homogeneom ,  and  equal,  the  Gravities  are  as  the  Den - 
ftties  of  the  Bodies ;  for  the  Diftances  from*  the 
Cefrter  are  equal  •  in  which  Cafe  the  Forces  of 

*1207 Gravity  are  as  the  Quantities  of  Matter;* 

*  228, which,  in  equal  Bodies,  are  as  their  Denfities  * 
79  That  on  the  Surfaces  of  Bodies  that  are  fphericaly 

m 9  unequal ,  homogeneous ,  and  equally  denfe,  the  Gravi¬ 
ties  are  inverfly  as  the  Squares  of  the  Diame- 
^iiosters,*  becaufe  the  Diftances  from  the  Center  are 

*  licyin  the  Ratio  of  thofe  Diameters,*  the  Gravities 

alfo  are  dire&ly  as  the  Cubes  of  their  Diame¬ 
ters;  for  the  Quantities  of  Matter  in  Spheres 
are  in  that  Ratio  :  And  the  Ratio  compounded 
of  that  diredf  Ratio  of  the  Cubes  of  the  Dia¬ 
meters  ;  and  the  Inverfe  Ratio  of  their  Squares, 
is  the  dired  Ratio  oj  the  Diameters  themfelves. 
123°  Therefore,  if  both  the  Denfities  and  the  Diame¬ 
ters  differ ,  the  Gravities  on  the  Surfaces  will  be  in  a 

*  1 27  s  Ratio  compounded  of  the  Denfities *  and  the  Diame - 
“mgters*  Therefore  dividing  the  Gravity  on  the 

Surface,  by  the  Diameter,  you  will  have  the 
li^iDenfity ;  which  confequently  is  in  a  direEl  Ratio 
oj  the  Gravity  on  the  Surface ,  and  an  Inverfe  Ratio 
oj  the  Diameter. 

1232  lj  a  Body  be  plac  d  in  a  Sphere  that  is  homoge¬ 
neous,  hollow,  and  every  where  of  the  fame  Thick- 
nefs,  wherefoever  it  be  plac’d,  it  has  no  Gravity ,  ^ 
the  oppofite  Gravities  mutually  deftroying  one 

another 
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;  another  precifely  :  Whence  it  follows,  that  in  an  1233 
>  homogeneous  Sphere,  a  Body  coming  towards  the 
Center,  gravitates  towards  the  Center  only  from 
the  Adtion  of  the  Sphere,  whofe  Semidiame¬ 
ter  is  the  Diflance  of  the  Body  from  the  Center, 
which  Gravity  decreafes  in  coming  towards  the  Cen¬ 
ter,  in  the  Ratio  of  the  D/fiance  from  the  Center  1229 
for  all  Matter,  which  is  at  a  greater  Diflance 
from  the  Center,  forms  an  hollow  Sphere,  in 
which  the  feveral  Actions  on  a  Body  deftroy 
each  other .* 

We  have  faid  that  the  Gravity,  which  we 
have  hitherto  explain’d,  is  to  be  taken  for  a 
Law  of  Nature,  becaufe  we  don’t  know  the 
Caufe  of  it ;  and  becaufe  it  depends  upon  no 
Caufe  that  is  known  to  us,  which  will  evidently 
appear,  if  we  attend  to  what  follows. 

(  Viz,.)  That  Gravity  requires  the  Prefence  of  the  1234 
attracting  Body ;  fo  the  Satellites  of  Jupiter,  ex. 
gr.  gravitate  towards  Jupiter,  wherefoever  it 

be.*  *1212 

That  the  Diflance  remaining  the  fame ,  the  Cele- 1235 

rity  with  which  Bodies  aye  carried  by  Gravity ,  de¬ 
pends  upon  the  Quantity  of  Matter  in  the  attracting  *  j  307 
Body  :*  And  that  the  Celerity  is  not  chang'd ,  let  the  123 6 
Mafs  oj  the  gravitating  Body  be  what  it  will.*  *1 207 

Belides  that,  if  Gravity  depended  upon  any  known  1237 
Law  of  Motion ,  it  ought  to  be  rejerr'd  to  a  Stroke 
from  an  extraneous  Body ;  and  becaufe  Gravity  is 
continual,  a  continual  Stroke  woud  be  requir'd. 

If  there  be  fuch  a  fort  of  Matter  continually 
!  ftriking  againft  Bodies,  it  mull  of  Neceflity  be 
fluid,  and  very  fubtle,  fo  as  to  penetrate  all  Bo¬ 
dies  ;  for  Bodies  that  are  any  how  fhut  up  in 
others,  are  heavy. 

Now  let  a  Mathematician  confider,  whether 
a  Fluid  fo  fubtle,  as  freely  to  penetrate  the  Pores 
of  all  Bodies,  and  fo  rare,  as  not  fenfibly  to  hin- 

P  4  dec 
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der  the  Motion  of  Bodies,  (for  in  a  Place  void 
or  Air,  the  Motion  of  a  Pendulum  will  be  con- 
ttnu  d  very  long)  can  impel  vail  Bodies  towards 
one  another  with  fo  much  Force?  Let  him  ex¬ 
plain  how  this  Force  encreafes  in  a  Ratio  of  the 

-dais  of  the  Body  towards  which  another  is 
.  J?3J  carried.* 


Lafllj;,  Let  him  fliew,  what  feems  moil  diffi¬ 
cult  to  me,  how  all  Bodies,  in  any  Situation 
whatsoever  (it  the  Diilance,  and  the  Body  to- 
wards  which  the  Gravitation  is,  remain  the  fame) 
j236are  carried  with  the  fame  Velocity;*  that  is 
how  a  Liquid  which  can  only  aft  on  the  Sur¬ 
faces,  either  of  the  Bodies  themfelves,  or  their 
internal  Particles,  to  which  it  is  not  hinder’d 
from  coming  by  the  Interpolition  of  other  Par¬ 
ticles,  caii  communicate  fuch  a  Quantity  of  Mo¬ 
tion  to  codies,  which  in  all  Bodies  exadtly  fol¬ 
lows  the  Proportion  of  the  Quantity  of  Matter  in 
them  ;  ana  which  in  this  Chapter  we  have  prov’d 
to  obtain  every  where  in  Gravity,  and  which 
we  nave  demonilrated  by  a  direft  Experiment  in 
77  refpedr  ot  me  Gravity  near  the  Earth’s  Surface* 
1230  vet  we  don  e  lay,  that  Gravity  does  not  depend 
upon  any  Stroke,  but  that  it  does  not  follow  from 
mac  Stroke,  .according  to  any  Laws  known  to  us 

and  we  confeE  that  we  are  entirely  ignorant  of 
the  Cauls  or  Gravity. 


c  H  A  P.  XII. 

Of  the  Celejlial  Matter  3  where  a  Vacuum 

is  provcL 


f — g  VxNc  explained  the  Laws  whereby 

Lverol  ^  Wnole  Fjanetary  Syflem  is  govern’d, 
ivveral  Things  muft  be  firft  laid  down,  before 

proceed  to  the  Phy/ical  Explication  of  the 

Syflem, 
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Syftem.  We  muft  begin  by  faying  fomething  of 
the  Celeftial  Matter,  that  is,  of  the  Medium 
in  which  the  Bodies  that  make  up  the  Syftem 
are  mov'd,  which  would  be  done  in  few  Words, 
if  all  Philofophers  agreed  that  there  is  a  Vacuum. 

We  have  before  prov'd  that  a  Vacuum  is  pof- 
fible  now  we  are  to  demonftrate  that  there  is  *13 
really  one.  From  only  confidering  Mction  vce  can  1239 
deduce  a  Vacuum;  and  this  is  a  very  common 
and  ufual  way  of  proving  it ;  to  fee  the  Force 
of  which  Argument,  we  muft  conftder,  that  in¬ 
deed  all  Motions  are  not  impofftble  without  a 
Vacuum ,  but  moft  of  thofe  which  are  daily  ob- 
ferv'd ;  which  might  be  fully  evinc'd  by  a  longer 
Difcuifton  :  But  it  feems  to  me  to  be  fo  evident 
from  the  following  Conftderation,  that  it  wou'd 
be  ufelefs  to  add  much  more. 

The  Figure  of  the  leaft  Particles  is  unchange¬ 
able  ;  for  the  Particle,  whofe  Figure  may  be 
chang’d,  confifts  of  fmaller  Particles,  which  are 
mov'd  in  refpe£t  to  each  other ;  and  therefore  if 
it  has  a  changeable  Figure,  it  is  not  one  of  the 
leaft  Parts. 

But  if  the  Figure  of  thefe  Particles  be  un¬ 
changeable,  and  a  Body  can  move  between  them, 
without  fuch  a  Separation  of  the  Particles  as  to 
leave  a  void  Space,  this  will  depend  on  the  Fi¬ 
gure  of  the  Particles,  and  the  Relation  which 
they  have  to  one  another,  which  a  Mathemati¬ 
cian  will  not  deny :  Therefore,  if  keeping  Things 
in  this  State  (as  to  their  Figure  and  Relation) 
the  Particles  are  en creas'd,  even  in  that  Cafe 
Bodies  may  be  mov'd  without  a  Vacuum. 

Now  fuppofing  the  fmalleft  Particles  encreas'd 
to  the  Bignefs  of  a  Cubic  Foot,  whatever  be 
their  Figure  and  Relation  with  the  other  Parts, 
which  we  fuppofe  encreas'd  in  the  fame  Propor¬ 
tion  as  the  firft;  let  any  one  conftder,  whether 

Bodies 
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Bodies  of  any  Bignefs  can  be  carried  between 
thofe  Parts  in  Right  Lines,  and  in  all  Sorts  of 
Curves,  and  yet  never  feparate  the  Particles  fo 
as  to  leave  Vacuities  between  them. 

We  cannot  conceive  how  the  moil  fubtle  Parts 
are  made,  and  therefore  often  attribute  to  them 
fuch  Properties  as  do  not  follow  from  their  Fi¬ 
gure  ;  but  thefe  Errors  will  be  corre&ed,  by  ima¬ 
gining  the  Particles  encreas’d. 

1240  We  alfo  prove  a  Vacuum  by  an  Argument  taken 
from  Rejiflance . 

*i2  We  have  faid  that  Matter  is  ina&ive  •*  fome 
difpute  about  the  Word,  but  no  Man  denies  the 
Thing ;  whence  it  follows,  that  a  Body  cannot 
move  thro’  a  Fluid,  without  undergoing  a  Re- 

*3*9fiftance,*  and  confequently  a  Retardation  *  The 
33°Refifiance  arifing  from  the  Inertia  of  the  Mat¬ 
ter,  (  which  Refiftance  alone  is  here  confider’d  ) 
depends  upon  the  Quantity  cf  Matter  to  be  re¬ 
moved  out  of  its  Place,  which  is  the  fame,  whe¬ 
ther  the  Parts  of  a  Fluid  be  greater  or  lets,  if 
the  Celerity  of  the  Body  remains  the  fame : 
Whence  it  follows,  that  in  determining  what  re¬ 
lates  to  the  Refiftance,  we  mufi  have  no  Re¬ 
gard  to  the  Subtility  of  the  Fluid,  as  long  as 
it  cannot  go  thro’  the  Pores  of  Bodies  •  for  if  we 
come  to  fuch  a  Finenefs  of  Parts,  that  a  Fluid 
fhall  partly  penetrate  a  Body,  it  will  lefs  refill 
the  Body. 

Now  let  us  fuppofe  any  Ball  or  fpheric  Body 
to  be  mov’d  along  in  a  Medium  of  the  fame 
Denfity  as  itfelf,  and  fo  clofe,  that  the  Parts  of 
the  Medium  cannot  pafs  thro’  the  Pores  of  the 
Body ;  this  Body  will  be  retarded  every  Mo¬ 
ment,  fo  that  its  Velocity  at  lafi  will  be  reduc’d 
to  half;  (as  may  be  proved  by  a  Mathematical 
Demonfiration  )  before  the  Body  has  gone  thro’ 
twice  the  Length  of  its  Diameter. 
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In  order  to  apply  this  Proportion  to  a  Mo¬ 
tion  in  a  very  fubtle  Fluid,  which  freely  pene¬ 
trates  the  Pores  of  all  Bodies,  and  fills  all  Pla¬ 
ces,  we  muft  conceive  a  fpherical  Body  without 
any  Pores  at  all ;  and  that  fuch  a  Body  may  be 
fuppos'd,  by  imagining  all  the  Particles  of  Mat¬ 
ter  clofely  join'd,  no  Body  will  deny. 

That  the  Refinance  of  fuch  a  Body  in  any 
Fluid  does  not  depend  upon  the  Bignefs  of  the 
Parts  of  the  Fluid,  and  is  the  fame,  whether 
the  Parts  of  the  Fluid  be  equal,  or  any  how  un¬ 
equal,  is  evident. 

If  every  Thing  be  full  of  Matter,  this  Body 
can  only  move  thro’  a  Fluid  of  the  fame  Den- 
fity  as  itfelf ;  for  it  muft  run  againft  all  the  Mat¬ 
ter  which  is  in  thofe  Places  thro’  which  it  paf- 
fes,  and  in  them  the  Matter  is  without  Interfti- 
ces  as  it  is  in  the  Body ;  therefore  it  will  lofe 
half  its  Velocity  before  it  has  run  through  the 
Length  of  twice  its  Diameter. 

Now  let  us  fuppofe  the  Body  to  be  encreas’d, 
the  Quantity  of  Matter  remaining  the  fame, 
and  the  Body  continuing  homogeneous;  that  is, 
let  there  be  Pores  in  the  Body,  thro5  which  the 
moft  fubtle  Particles  of  Matter  may  pafs  very 
freely  ;  and  let  thefe  Pores  be  equally  difpers’d 
all  over  the  Body.  If  the  Body,  thus  chang'd, 
be  mov'd,  the  very  fubtle  Fluid  of  which  we 
fpeak  will  not  run  againft  the  whole  Surface,  but 
only  thofe  Parts  of  the  Surface  which  are  be¬ 
tween  the  Pores,  which  Parts  being  taken  toge¬ 
ther,  becaufe  we  fuppofe  the  Body  homogene¬ 
ous,  are  equal  to  the  Surface  of  the  Body  in  the 
firft  Sappofition,  when  we  conceiv'd  it  to  be 
without  Pores  ;  for  the  Body  being  encreas'd, 
the  Surface  has  not  been  chang’d,  but  only  dila¬ 
ted  by  the  Interpofttion  of  Pores :  So  that  in 
both  Cafes  the  Body  will  undergo  the  fame  Re¬ 
fill  an  ce 
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fiftance  from  the  impulfe  upon  the  Surface;  and 
the  Refinance  on  the  dilated  Body  is  greater 
from  the  Fluid  running  againft  the  internal  Parts 
of  the  Body.  Wherefore  this  Body  will  fooner 
lofe  half  its  Motion  in  the  fecond,  than  in  the 
firft  Cafe ;  that  is,  before  it  has  run  thro*  the 
Length  of  two  Diameters  of  the  firft  fuppos’d 
Bignefs ;  and  therefore  it  lofes  a  greater  Quan¬ 
tity  of  Motion,  in  going  thro’  two  Diameters 
of  the  Bignefs  fuppos’d  in  the  fecond  Cafe. 

But  this  is  contrary  to  Experience  ;  for  a  ho¬ 
mogeneous  Ball  of  Gold,  or  Lead,  &c .  lofes  a 
much  lefs  Quantity  of  Motion  than  what  we  have 
mentioned,  in  Water  or  Air;  whence  it  follows, 
that  the  Suppofition  that  all  Things  are  full  of 
Matter,  is  faife.  Therefore  there  is  a  Vacuum. 

1241  That  there  is  a  Vacuum  does  alfo  agree  with  the 
Phenomena  relating  to  Gravity ;  by  which  it  fol¬ 
lows  that  it  is  proportional  to  the  Quantity  of 
Matter.  If  all  was  full  of  Matter,  Gravity 
wou’d  ad  equally  every  way,  and  the  Forces 
which  are  diredted  towards  oppofite  Parts  wou’d 
deftroy  one  another ;  and  therefore  no  fenfible 
Gravity  wou  d  be  obferv^d,  which  is  contrary 
to  Experience. 

Thefe  being  premis’d,  we  muff  return  to  the 
Celeftial  Matter. 

1242  The  Motions  of  the  heavenly  Bodies  do  not 
depend  upon  the  Motion  of  the  Celeftial  Mat- 

#  1238 ter,  if  there  be  fuch  a  Matter;*  whereby  is  over¬ 
thrown  the  Opinion  of  thofe  which  fay  that  the  kea* 
venly  Bodies  are  carried  along  by  the  common  Motion 
of  the  Matter  which  fills  our  Syfiem.  This  Opinion 
is  alfo  overthrown  by  the  Motion  of  the  Co¬ 
mets  ;  if  there  was  a  Medium  in  the  Syftem 
which  carried  about  the  Planets  in  its  Motion, 
and  alfo  the  Comets,  it  wou’d  at  lead  fenftbiy 
'di  ft  urb  thefe  iaft  in  their  Motions,  whilft  they  - 

corns 
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come  almoft  direCciy  towards  the  Sun,  or  di¬ 
rectly  recede  from  it,  or  are  carried  in  Anteceden¬ 
tia  ;  that  is,  in  a  Motion  contrary  to  the  Mo¬ 
tion  of  that  Matter :  Now  as  this  Motion  is  not 
difturb’d,  but  follows  the  Way  which  depends 
upon  Gravity,  as  it  is  obferv'd,  it  is  plain,  that 
if  there  be  any  Cceleftial  Matter,  and  that  is  in 
Motion,  it  does  not  exert  a  feniible  Action  on 
the  Bodies  of  the  Planetary  Syftem,  which  is 
alfo  deduc'd  from  the  fmall  Refiftance  of  fuch 
a  Medium;  for  by  comparing  the  moll:  ancient 
Obfervations  with  the  Modern,  it  does  not  ap¬ 
pear  that  the  Planets  are  fenfibly  retarded  in 
their  Motions.  Yet  in  Air  the  Refinance  is 
feniible  ;  wherefore  the  Denfity  of  the  Medium 
in  which  the  Planets  fhou'd  move,  muff  be  al¬ 
moft  immenfly  lefs  ;  therefore  the  Planetary  Syflem  124 
is  not  fill’d,  unlej's  it  be  by  fuch  a  very  fubtle  Medium. 

But  we  may  from  the  Divifibility  of  Matter 
deduce,  that  a  Quantity  of  Matter,  how  fmall 
foever  it  be,  may  be  difpers'd  all  over  the  Pla¬ 
netary  Syftem ,  leaving  but  very  fmall  Inter¬ 
faces.^  *  26 


CHAP.  XIII. 

Concerning  the  Motion  of  the  Earth. 

BESIDES  the  Queftion  that  has  been 
handled  in  the  foregoing  Chapter,  there  is 
alfo  another  to  be  examin'd,  before  we  proceed 
to  the  Explication  of  the  whole  Syflem. 

That  no  Doubt  may  remain  concerning  the 
Syftem,  which  has  been  explain'd  in  the  firft 
Chapter  of  this  Book,  we  muft  here  prove  the 
Motion  of  the  Earth,  concerning  which  it  is  no 
Wonder  that  many  have  doubted ;  for  the  Cce- 

2  leftial 
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leftial  Motions  cannot  be  determin'd  by  us,  but 
by  Obfervations  made  by  Obfervers  on  the 
Earth ;  and  the  fame  Phenomena  appear,  whe¬ 
ther  the  Bodies  themfelves  be  mov'd,  or  the 
993  Spedator  be  mov'd;*  fo  that  it  is  not  to  be 
prov'd  by  immediate  Obfervations,  whether  the 
Motion  of  the  Earth  is  to  be  referr'd  to  the  hea¬ 
venly  Bodies  or  not. 

1244  That  the  Earth  is  carried  about  the  Suny  is  de¬ 
duc  d  form  the  Analogy  of  the  Motions ,  and  from  an 
Examen  of  the  Laws  of  Nature. 

As  to  what  relates  to  the  Analogy  of  the 
Motions,  it  is  to  be  obferv'd,  that  Satellites  re¬ 
volve  about  Jupiter  and  Saturny  which  are  lefs 
than  the  central  Body  ;  that  the  Moon  revolves 
about  the  Earth,  than  which  it  is  lefs;  Laftly , 
That  the  Sun  has  revolving  about  it  lefs  Bo¬ 
dies  than  itfelf,  as  Mercury ,  Venus y  Mars ,  Jupiter , 
and  Saturn  :  Now  if  the  Earth  revolves  with  the 

1245  reft,  then  every  where  in  our  Syflem  the  leffer  Bodies 
move  about  the  greater  ;  now  there  woud  be  an  Ex¬ 
ception  in  this  Rule  in  refpeEl  of  the  Suny  if  that  vaft 

*  975  Body  was  to  go  round  fo  fmall  a  Body  as  the  Earth  * 

About  the  Sun,  Jupiter  and  Saturn ,  about 
which  feveral  Bodies  revolve,  thofe  move  the  flow - 

124 6  eft  which  are  rnofi  di  flant  from  the  central  Body ,  and 
according  to  this  Rule,  that  the  Squares  of  the 
Periodical  Times  follow  the  Ratio  of  the  Cubes 

* 974  the  Diftances  ;*  which  Rule  may  be  applied 
to  the  Earth,  if  it  be  carried  about  the  Sun  with 
the  reft  of  the  Planets,  as  appears,  if  its  Perio¬ 
dical  Time  (  namely  the  Time  in  which  the  Sun 
appears  to  perform  an  entire  Revolution;  and 
its  Diftance  from  the  Sun  be  compar'd  with  the 

Diftances  and  Periodical  Times  of  the  reft  of 
the  Planets, 

Now  this  Rule  has  only  one  Exception ,  if  the 
Sun  being  moved  about,  the  Earth  is  at  reft.  In  this 

Cafe 
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Cafe  Mercury ,  Venus,  Mars ,  Jupiter,  and  Saturn , 
are  fubjed  to  this  Rule  in  their  Motions,  as  alfo 
the  five  Satellites  of  Saturn,  and  the  four  Planets 

•  that  accompany  Jupiter  •  only  the  Moon  and  the 
Sun  wou’d  move  about  the  Earth  in  a  Propor- 

t  tion  quite  different ;  and  then  the  Celerity  of  the 
J  Sun  wou’d  not  only  be  greater  than  is  requir’d  by 
t  this  Law,  but  its  Velocity  wou’d  at  leaft  be  fix 
r.  and  twenty  times  greater  than  that  of  the  Moon, 

1  tho’  it  be  remov’d  to  a  vaft  Diftance  from  the 
I  Earth,  in  refped  to  the  Moon’s  Diftance :  And 
}  therefore  in  this  refped,  the  Analogy  of  the  Ce- 
<  leftial  Motions  wou’d  be  difturb’d. 

To  thefe  Arguments  I  fhall  add  others,  where- 
J  by  it  will  clearly  appear,  that  the  Motion  of 
t  the  Earth  is  a  neceffary  Confequence  of  the  Laws 
I  of  Nature,  which  are  deduc’d  from  Phaeno- 

•  mena. 

All  Bodies  gravitate  towards  one  another,*  ^47 
1  therefore  the  Sun  and  Earth  do;  but  theMo-*i206 
3  tion,  whereby  thefe  Bodies  tend  towards  one 
S  another,  is  deduc’d  from  dired  Obfervations. 

)  Whichsoever  of  thefe  Bodies  moves  about  the 
)  other,  deferibes  Area’s  by  Lines  drawn  to  the 
)  Center  of  it,  proportional  to  the  Times,  which 
i  is  evident  from  Agronomical  Obfervations ; 

3  therefore  the  Body  mov’d  is  retain’d  in  a  Curve 
J  by  a  Force,  which  is  direded  towards  the  Cen- 
1  ter  of  the  other.*  Now  as  Re-adion  is  always  * 

)  equal  to  Adion,*  unlefs  the  Laws  of  Nature,  *  126 
r  which  obtain  conftantly  every  where,  be  wholly 
>  overturn’d,  thefe  two  Bodies  tend  towards  one 
.  another  with  equal  Motions,-  that  is,  with  Ce- 
t  leri ties  that  are  inverfly  as  their  Maffes  •*  which  *  65 
i  is  alfo  immediately  deduc’d  from  the  Law  of 
)  Gravity. *  *123* 

The  Quantity  of  Matter  in  the  Earth  is  next 
to  nothing,  in  comparifon  to  the  Quantity  of 

Matter 
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Matter  in  the  Sun,  as  we  fhall  fhew  in  the  fol¬ 
lowing  Chapter  wherefore  the  Sun  mufl  move 
very  (lowly,  whiljl  the  Earth  comes  towards  it  very 
Jwiftly. 

Whence  it  follows,  that  the  Earth  is  carried 
round  the  Sun,  left  it  fhou’d  fall  upon  the  Sun 
by  that  very  violent  Motion  whereby  it  is  re¬ 
tain'd  in  its  Orbit. 

This  Motion  of  the  Earth  is  alfo  deduced 
from  the  fame  Principles,  another  way. 

Two  Bodies  that  are  carried  towards  one  an- 
nother  by  any  Force,  will  at  laft  concur,  or  con¬ 
tinually  recede  from  one  another,  unlefs  each 
of  them  be  fo  mov’d,  as  to  have  a  Centrifugal 
Force  equal  to  the  Force  whereby  it  is  carried 
towards  the  other  Body,-  but  as  the  Bodies 
which  gravitate  towards  one  another,  tend  to- 
•"126  wards  each  other  with  equal  Forces/  or  what 

*  6 5  is  the  fame/  with  Celerities  that  are  inverfty  as 
*i235the  Quantities  of  Matter/  thefe  Bodies  cannot 
1248  perfe.vere  in  their  Motions  about  one  another, 

unlefs  both  of  them  be  fo  mov’d,  as  to  have 
equal  centrifugal  Forces,  which  does  not  happen, 
unlefs  they  both  revolve  in  equal  Times  about 
their  common  Center  of  Gravity ;  that  is,  if 
this  Proportion  be  applied  to  the  Sun  and  Earth, 
unlefs  they  both  move  about  a  Point,  whofe 
Diftance  from  the  Center  of  the  Sun  is  to  its 
Diftance  from  the  Center  of  the  Earth,  as  the 
Quantity  of  Matter  in  the  Earth  is  to  the  Quan¬ 
tity  of  Matter  in  the  Sun,  they  cannot  perfevere 

*  234,  in  their  Motions  about  one  another;*  ThisPoint 
23  *  or  Center  of  Gravity  mu  ft  of  Confequence  be 

very  near  to  the  Sun’s  Center.  Now  fince 
whichfoever  of  thefe  Bodies  moves,  it  perfe- 
veres  in  its  Motion  about  the  other,  it  follows, 
that  both  of  them  are  affe&ed  by  the  Motions 
above-mentipn’d,  and  that  the  Sun  is  mov’d 

but 
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but  a  little,  whilft  the  Earth  defcribes  a  very 
great  Orbit.  Whence  it  follows,  that  the  Mo¬ 
tion  ol  the  Earth  cannot  be  denied  by  any  one 
who  reafons  from  the  Laws  of  Motion  that  are 
deduc’d  from  Phenomena. 

Having  prov  d  the  annual  Motion  of  the  Earthy  1249 
and  brought  back  the  Earth  amongft  the  Planets, 
there  remains  but  little  Difficulty  "in  Relation  to 
the  Motion  ot  it  about  its  dxis ;  for  no  Body 
that  believes  the  annual  Motion,  doubts  of  this; 
a  great  many  which  allow  of  the  Motion  about 
the  Axis,  deny  the  Annual  Motion ;  therefore  it 
will  be  enough  to  obferve  by  the  By,  that  all 
the  Planets,  concerning  which  any  Obfcrva- 
tions  cou’d  be  made  in  refped  of  this  Motion, 
do  move  about  their  Axes ;  and  that  the  Earth 
has  fuch  a  Motion,  the  uniform  diurnal  Motion  in 
Bodies  at  any  Di/lances ,  does  plainly  enough  few.  To 
which  we  mud:  add,  that  the  Celerity  of  the 
fix’d  Stars  going  thro’  one  whole  Revolution  in 
lefs  than  24  Hours,  can  hardly  be  more  proba¬ 
ble  than  it  is  conceivable. 

This  Motion  alfo  is  difagreeable  to  the  Na¬ 
ture  of  all  the  heavenly  Bodies ;  for,  if  they  are  1250 
carried  round ,  they  mull  every  Day,  with  an  ' 
equable  Motion,  defcribe  Circles  that  have  the 
Earth  for  their  Center;  that  is,  they  mull:,  by 
Lines  drawn  to  the  Center  of  the  Earth,  fweep 
thro’  Area’s  proportionable  to  the  Times,  and 
be  retain’d  in  their  Orbits  by  Forces  which  are 
direded  towards  the  Center  of  the  Earth,*  and  * 
by  which  (by  reafon  that  Adion  and  Re-adion*  *  1^-6 
are  equal )  the  Earth  muft  alfo  be  continually  at- 
traded  towards  thofe  Bodies  ;  fo  that  it  muft  ne- 
cejfarily  be  agitated  by  a  very  violent  Motion  ;  whence 
it  appears  that  the  diurnal  Motion  muft  not 
be  referr’d  to  the  heavenly  Bodies,  but  to  the 
Rotation  of  the  Earth  about  its  Axis. 

V  o  l*  II, 


Thofe 
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1251  Thofe  that  obftinately  affirm  that  the  Earth 
is  at  reft,  objed  that  Bodies,  upon  the  Surface 
of  the  Earth,  muft  (on  account  of  their  centri¬ 
fugal  Force)  recede  from  the  Earth,  along  a 
*217  Tangent  to  a  Circle  parallel  to  the  Equator** 
We  anfwer,  that  the  Bodies  in  the  Places  where 
they  are,  are  carried  round  with  the  fame  Mo¬ 
tion  as  the  Surface  of  the  Earth  ,*  and  therefore, 
that  in  refped  of  the  Points  of  the  Surface,  they 
endeavour  to  recede  in  Lines  perpendicular  to 
*223  the  Axis  ;*  but  alfo  that  Bodies  by  Gravity  tend 
*i 226  to  the  Center  of  the  Earth  •*  and  therefore  by  a 
Motion  compounded  of  both  thefe,  the  Body  is 
*  i9°>continually  mov’d,  or  endeavours  to  move;*  but 
becaufe  the  firit  Motion  is  extremely  ftnall  in  re¬ 
fped  of  the  other,  a  heavy  Body  is  turn'd  but  very 
little  out  of  its  Diredion  towards  the  Center, 
and  the  Gravity  is  a  little  diminilh’d,  fo  much 
the  more  as  the  Place  is  more  diftant  from  the 
Pole ;  which  agrees  with  Experience.  We  ftiall 
hereafter  fhew,  when  we  come  to  fpeak  of  the 
Figure  of  the  Earth,  that  the  above- mention’d 
Diredion  of  heavy  Bodies,  is  every  where  di- 
reded  perpendicularly  to  the  Surface  of  the 
Earth.  A  Body  which  is  thrown  upwards,  i$ 
aded  upon  not  only  by  the  Motion  wherewith 
it  is  thrown  up ;  but  it  is  alfo  carried  by  the 
Motion  that  is  imprefs’d  to  the  Perfon  or  Ma¬ 
chine  that  impels  the  Body ;  that  is,  it  is  car¬ 
ried  by  the  Motion  which  is  common  with  the 
Surface  of  the  Earth ;  and  therefore  the  Body 
moves  in  the  fame  Line  ( the  Line  being  carried 
on  with  the  Surface  of  the  Earth  )  as  it  would 
do  if  the  Earth  was  at  reft. 


CHAP. 
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C  H  A  P.  XIV. 

Concerning  the  Denfity  of  the  Planets . 

BEFORE  wc  proceed  to  the  Phyfical  Ex¬ 
planation  of  the  Syftem,  we  muft  deter¬ 
mine  the  Quantities  of  Matter  in  fome  Bodies; 
and  their  Diverfities  ;  which  being  known,  the 
Effects  ot  the  Laws  by  which  thefe  Bodies  are 
govern’d,  will  more  eafily  appear. 

The  Quantities  of  Matter  in  different  Bodies, 
are  to  one  another,  as  the  Gravities  at  the  fame 
Diftance  from  thefe  Bodies;  *  which  Gravities*J20- 
are  to  one  another  in  verily  as  the  Squares  of  the 
Periodical  Times  of  the  Bodies  revolving  about 
thofe  different  Bodies  at  the  fame  Pittance.*  *  ^ 
By  multiplying  the  Quantities  which  are  in  this 
Ratio,  by  the  fame  Quantity,  (viz,.)  by  the  Cube 
Of  this  Diftance,  the  Ratio  of  thefe  Quantities 

!will  not  be  chang’d  ;  which  are  therefore  to  one 
another  as  the  Quotients  of  the  Divifions  of  the 
above-mention’d  Cube,  by  the  Squares  of  the 
Periodical  Times  aforefaid  :  But  the  Quotient 
1  of  fuch  a  Divifton  is  found  for  any  Body,  by 
dividing  the  Cube  of  the  other  Diftance,  let  it 
[  be  what  it  will,  by  the  Square  of  the  Periodical 
Time  of  the  Body  revolving  at  that  Diftance  ; 

’  for  fuch  Quotients  are  equal  to  one  another, 
for  all  Bodies  that  revolve  about  the  fame  Body 
at  any  Diftances ;  as  follows  from  the  Equality 
of  the  Ratio  between  the  Cubes  of  the  Di¬ 
ftances,  and  the  Squares  of  the  Periodical  Times 
at 'fthofe  Diftances.*  From  which  we  deduce,  ♦  dj  - 
that  the  Quantities  of  Matter  in  any  Bodies  in  our  i%y* 
Syfiem,  aye  to  one  another  direEUy  as  the  Cubes  of  the 
I  Di fiances  at  which  other  Bodies  revolve  about  thefe, 

Q,  2  Arid 
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and  inverfly  at  the  Squares  of  the  Periodical  Times 
of  thefe  revolving  Bodies. 

Tnefe  Things  are  demonftrated  by  fetting 
alide  the  Agitation  of  the  Central  Body,  whofe 
Quantity  of  Matter  is  enquir'd  after. 

By  reafon  of  the  Sun’s  Magnitude,  in  Refped 
of  Venus,  ex  gr.  which  alone  we  coniider  of  the 
Planets,  the  Sun  is  fcarce  mov'd  by  the  Adtion 
*i*35  of  that  Planet.*  And  Venus  may  be  confider'd 
as  moving  about  a  quiefcent  Body. 

The  Satellites  of  Jupiter  and  Saturn  are  in¬ 
deed  carried  by  the  common  Motion  along  with 
the  Primary  Planets,  but  by  reafon  of  the  Mag¬ 
nitude  of  the  Primary  Planets,  they  are  carried 
about  them  as  about  Bodies  that  are  at  reft. 

But  the  Moon  adts  fenfibly  enough  upon  the 
Earth  and  moves  it ;  wherefore  before  we  can 
compute  the  Moon  of  the  Motion  by  the  Help 
T 252  of  the  aforefaid  Rule,*  in  order  to  compare  the 
12  5  3  Quantity  of  Matter  in  the  Earth,  with  the 
Quantities  of  Matter  in  the  Sun,  Jupiter ,  and 
Saturn ,  we  muft  determine  the  Diflance  at  which 
the  Moon  would  move  about  the  Earth ,  if  it  was  at 
Reft  (that  is,  not  carried  about  by  the  ABion  of  the 
Moon,)  in  the  fame  Periodical  'Time  in  which  it  now 
performs  iu  Revolution .  Here  alfo  we  don't  take 
Notice  of  the  Motion  that  is  common  to  the 
Earth  and  Moon,  by  which  they  are  both  car¬ 
ried  about  the  Sun. 

The  Moon  perfeveres  in  its  Motion  about  the 
Earth  ,•  therefore  the  Earth  and  Moon  are  mov'd 
about  a  common  Center  of  Gravity  ;  as  follows 
from  what  has  been  demonftrated  concerning  the 
*1 248  Earth  and  the  Sun,*  and  the  Moon  (with  that 
Force  with  which  it  tends  towards  the  Earth,) 
revolves  in  an  Orbit  whofe  Semi- Diameter  is  the 
Biftance  of  the  Moon  from  the  aforefaid  com¬ 
mon 
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1  mon  Center  of  Gravity  of  the  Moon  and  the 
3  Earth. 

Let  L  be  this  Diftance  of  the  Moon  from  the 
«  common  Center  of  Gravity ;  T  the  Diftance  of 
It  the  Earth  from  the  fame  Center  j  LtT  there¬ 
in  fore  is  the  Diftance  of  the  Moon  from  the  Earth, 
j  and  is  60  \  Semi-Diameters  of  the  Earth  3  for 
r  here  we  confider  the  mean  Diftance.  Let  D  be 
i  the  Diftance  which  we  would  have,  at  which 
!  the  Moon,  by  its  Gravity  towards  the  Earth, 

1  would  move  about  the  Earth,  if  it  was  at  Reft, 
i  in  the  fame  Time  in  which  it  is  now  mov'd 
I  about  the  common  Center  of  Gravity  at  the 
]  Diftance  L. 

By  reafon  of  this  Equality  of  the  Periodical 
i  Times,  the  Force  whereby  the  Moon  would  be 
kept  in  its  Orbit  at  the  Diftance  D,  is  to  the 
t  Force  whereby  it  is  kept  in  its  Orbit  at  the 
]  Diftance  L,  as  D  to  L*  *  232 

But  the  Force  whereby  the  Moon  would  tend 
>  to  the  Earth,  and  be  kept  in  its  Orbit  at  the 
1  Diftance  D,  is  to  the  Force  whereby  it  is  now 
ijj  kept  in  its  Orbit  at  the  Diftance  L-f  T,  as 

.  L  -ft  Tq  to  Dq  *.  Therefore  *1208 

D,  L  :  :  L  +  p,  Dq 

5r  Confequently  Dc~  Lx  L +  Tq,  and  D  xL  +  T 

'  L  x  L  +  T; :  Whence  we  deduce  the  iollow- 
ling  Proportion  : 

L  L  Tc  Dc  :  :  L  4-  T,  L. 

Therefore  L~ET,  D  :  :  L  -F  T,  is  to  the  firft  of 
two  mean  Proportionals  between  L  4-  T  and  L. 

L  -b  T,  is  to  L,  as  the  Quantity  of  the  Mat¬ 
ter  in  the  Earth  and  Moon  taken  together,  to 
the  Quantity  of  Matter  in  the  Earth  alone  ;**  234, 
which  Quantities  of  Matter,  as  we  fhall  fhew  235 
hereafter,  are  to  one  another,  as  40,37.  to 

0.3  39>37- 
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39, ,3  7*  and  the  fir  ft  of  two  mean  Proportionals 
to  thefe  Numbers  is  40,035.  •  therefore  40,37.  is 
to  40,035  .  as  60  ~  to  the  Diftance  required, 
which  is  found  to  be  60  Semi-Diameters  of  the 
Earth:  '  1  ' 

Concerning  this  Operation  it  is  to  be  noted, 
that  the  Diftance  D  cannot  be  difcovered  unlefs 
the  Ratio  between  the  Mafs  of  the  Moon  and 
the  Earth  be  known,  which  cannot  be  deter¬ 
mined  unlefs  the  Ratio  between  the  Denfity  of 
the  Sun  and  the  Earth  be  found;  to  difcovet 
which,  it  is  ncceft'ary  that  the  Diftance  D  be 
known.  Wherefore  D  is  difcover'd  at  firft  by 
Trials,  and  is  exa&jy  determined  by  Approxi¬ 
mation.  But  it  is  certain,  that  this  is  60  Semi- 
Diameters  of  the  Earth  ;  becaufe,  this  being 
fuppos  d,  it  is  found  that  the  Ratio  between 
the  Quantities  of  Matter  of  the  Moon  and  the 
Earth  is  as  1  to  39,37.  as  we  fhall  fee  hereaf¬ 
ter  ;  by  making  ufe  of  which  Proportion,  this 
Diftance  is  difcoveCd  to  be  60  Semi-Diameters, 
as  we  have  fhewq. 

Thefe  Things  being  premifed,  we  proceed  to 
the  Computation. 

The  Diftance  of  Venus  from  the  Center  of  the 

*  Sim  is  7>3>  and  its  Periodical  Time  is  5392 
,959  FJours.* 

The  Fourth  Satellite  of  Jupiter  is  diftant  from 
the  Center  of  Jupiter  12,507  fuch  Parts  of 
which  Venus  is  diftant  from  the  Sun  723.  The 

Periodical  Time  of  this  Satellite  is  402  Hours 

*  971  5  Minutes.* 

The'  Fourth  Satellite  of  Saturn  is  diftant  from 
the  Cernet  of  Saturn  9,^92  of  the  fame  Parts  * 
*97*  and  its  Periodical  Time  is  382  Hours  41  Min  * 

Laflly,  the  Diftance  of  the  Moon  is  6o  L 
im-Diameters  of  the  Earth  from  its  Center,  and 

2>9°S’ 
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2,909  of  the  aforefaid  Parts.  Its  mean  Peri' 
odical  Time  is  655  Hours,  43  Min. 

If  you  divide  the  Cubes  of  thefe  Difiances  1254 
refpe&ively  by  the  Squares  of  their  Periodical 
Times,  you  will  have  in  the  Quotients,  Num¬ 
bers  which  are  to  one  another  as  the  Quantities 
of  Matter  in  che  aforefaid  Central  Bodies;  **1272 
which  Quotients  are  to  one  another  as  the  fol¬ 
lowing  Numbers  ; 

\4 

Quanti.  f  In  the  Sun.  In  Jupiter.  In  Saturn .  Inthe  Earth • 
ties  ff  (p 

batter^)  IQOOQ.  9,248.  4,223.  0,0044. 

U  1  •  *  ?  4  ’ 

We  have  alfo  the  Proportion  of  the  Diameters  1256 
of  thefe  Bodies  from  Agronomical  Obfervations, 
as  follows. 

Diame  Of  theSun.  Of  Jupiter.  Of Saturn.  Of theEarth. 
ters  l  10000.  1077.  889.  104. 

If  the  Quantities  of  Matter  abovefaid  be  di-  1257 
vided  by  the  Squares  of  the  Diameters,  the 
Qiotients  will  be  to  one  another  as  the  Weights 
on  the  Surfaces  of  the  aforefaid  Bodies;*  and  *1227 
thefe  Qiotients  are  as  the  following  Numbers. 

Gravities  i  Of  theSun.  Of  Jupiter. Of  Saturn. Of  theEarth.  1258 
I000Q-  7STM5-  534.337-  407.832- 

If  you  divide  thefe  Numbers  by  the  Diame- 1259 
ters,  you  will  have  the  Proportion  of  the  Den- 
fities  of  thofe  Bodies. *  *1231 

The  Quotients  found  by  thefe  Divifions  are 
as  the  following  Numbers. 

Denfi-\  Of  the  Sun. Of  Jupiter. Of  Saturn .  Of  the  Earth.  1260 
ties  l  10009.  7404.  <?Qli.  3^214. 

0.4  w<? 
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.  We  determine  [the  Denfity  of  the  Moon 
}ri  the  laft  Chapter. 

It  is  not  probable  thac  the  aforefaid  Bodies 
are  homogeneous.  We  fhall  fhow  in  relation  to 
the  Earth,  in  the  17th  Chapter,  that  it  is  den¬ 
ier  towards  the  Center  than  towards  the  Sur¬ 
face  ;  from  whence  it  follows,  that  the  Denfi-. 
ties  cannot  be  exaftly  determin’d,  wherefore  sue 

„Kt,yDjtermm,fhe  mean  D™fnies,  that  is,  which 
the  Bodies  wouid  have,  if  the  fame  Bodies,  keeping 

the  Jame  Qiiamity  of  Matter  and  Bulk  which  they 
novo  have,  Jhould  become  homogeneous , 

1262  The  above-mention’ d  Proportion *  between  the  Den- 
iifcfitieS)  in  refpeB  of  all  the  Bodies,  and  the  reft  of  the 
Computations  in  refpeB  of  the  Sun ,  Jupiter,  and 
Saturn,,  are  free  from  any  fenfible  Error ;  when  the)  are 

i*t  et  ®  ^  may  be  fome  Error, 

w  ich  miift  be  corre&ed  by  Obfervations  to  be 

made  hereafter ;  for  we  fuppofe  the  Diftance  of 
the  Moon  (which  is  do  Semi- Diameters  of  the 
Earth)  to  be  2,909  fuch  Parts,  of  which .  Ve- 
*  diftant  from  the  Sun  723,  that  is  of 

9J9,  which  the  Earth  is  diftant  from  the  Sun  ,000  ;* 
w  ucti^Djftance  of  the  Moon  is  difeover’d  by 
fuppoiing  the  Horizontal  Parallax  of  the  Sun 
10  ,  which  cannot  be  look’d  upon  as  abfolutely 
tnie  altho  it  be  deduc*  from  the  moll  exal 
Obfervations  that  have  hitherto  been  made,  of 

I  ff  p  3?  Mars,  when  it  is  neareft  of  all 
to  the  Earth,  which  is  too  fmall  to  leave  tie 
Cioswithout  Sufpicion  of  fome  Miftake.* 

But  the  Error  in  not  determining  truly  the 
Proportion  between  the  Semi-Diameter  of  the 
Earth  and  the  Diftance  from  the  Sun,  does  not 
change  the  determin’d  Denfity  of  the  Earth,  as 

p  du?  Computations  made  about  it. 

It  or  it  follows  from  thefe,  that  the  Denfities 
Bodies  are  to  one  another  in  a  Ratio  com- 

pounded 
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pounded  of  the  dircd  Ratio  of  the  Cubes  of 
}  the  Diftances  of  the  Bodies  carried  about,  and 
j  the  inverfe  Ratio  of  the  Squares  of  the  Periodical 

Times  of  thefe  revolving  Bodies;  *  as  alfo  0^1254. 
a  the  inverfe  Ratio  of  the  Cubes  of  the  Diameters 

.  4 

i  of  the  Central  Bodies  whofe  Denftties  are  re- 
3  quir’d;*  the  Ratio  compounded  of  thefe,  is*  1257 
i  compounded  of  the  dired  Ratio  of  a  Fradion  I259 
/  whofe  Numerator  is  the  Cube  of  the  Diftance 
I  of  the  revolving  Body,  and  whofe  Denominator 
i  is  the  Cube  of  the  Diameter  of  the  Central  Bo- 
I  dy,  and  the  inverfe  Ratio  of  the  Square  of  the 
1  Periodical  Time  of  the  Body  carried  about. 

[  But  you  have  fuch  a  Fradion,  if  you  know  the 
I  Ratio  between  the  Diameter  of  the  Central 
I  Body,  and  the  Diftance  of  the  revolving  Body 
I  from  that  Center,  altho’  this  Diftance  can  be 
)  compar’d  with  no  other;  but  this  Ratio  is  given 
i  in  refped  of  the  Earth  and  Moon,  as  well  as  in 
i  refped  of  the  other  Bodies  ;  wherefore  alfo  the 

Ratio  of  the  Denftty  of  the  Earth  to  the  Denfi- 
t  ties  of  the  other  Bodies  is  exadly  difcover’d. 


CHAP.  XV. 

The  Phyfical  Explanation  of  the  whole  Pla¬ 
netary  Sy(le?n. 

IN  the  flrft  Part  of  this  Book  we  have  fliewn 
what  are  the  Motions  of  the  Bodies  in  the  *i24l’ 
Planetary  Syftem  ;  now  we  muft  explain  how  125, 
thefe  Motions  follow  from  the  Laws  of  Nature  ;* 
that  is,  how  thefe  Bodies  being  once  put  in  mo-  yf  9 
tion,  perfevere  in  thofe  Motions  which  we  obferve.  1 2 o$ 
Let  us  conceive  the  Sun  and  Mercury  to  be  left  1263 
to  themfelves,  and  they  will  come  together  ;* 11 1 
but  if  they  be  projeded,  they  may  revolve  about 

a  com- 
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a  common  Center  of  Gravity  in  equal  Times, 
*1248  and  defcribe  immoveable  Ecliptic  Lines  ;*  and 
jio8  perfevere  in  that  Motion  ;  for  it  is  plain, 
241  by  Mathematical  Demonftration  in  that  Cafe, 
that  the  Bodies  will  defcribe  Eilipfes  about  the 
common  Center  of  Gravity,  fimilar  to  that  which 
one  of  them  could  defcribe  with  the  fame  Forces 
about  the  other,  if  it  was  at  reft  :  This  Center, 
*235  on  account  of  the  Sun*s  Magnitude,*  is  very 
little  diftant  from  the  Center  of  the  Sun  itfelf. 

Let  us  conceive  befides,  Venus  to  be  projected 
at  a  greater  Diftance  from  the  Sun,  it  will  a 
little  difturb  the  Motion  or  Mercury ,  which  alfo 
by  its  Action  upon  Venus ,  wifi  turn  it  a  little 
out  of  the  Way,  and  both  will  draw  the  Sun, 
fometimes  the  fame  Way  and  fometimes  different 
Ways ;  but  we  find  all  thefe  Irregularities  are 
infenfible,  if  we  confider  the  Magnitude  of  the 
Sun  ;  and  therefore  that  thefe  three  Bodies  tend 
towards  a  Point  that  is  between  ther$  near  the 
Sun,  which  therefore  is  very  little  diftant  from 
the  common  Center  of  Gravity  of  them  all 
If  the  Earth,  Mars,  and  the  other  Planets  be 
fucceflively  projected  at  different  Diftances  from 
the  Sun,  the  fame  Reafoning  will  hold  good. 
12^4  Whence  it  follows,  that  all  the  Planets  are  revolv’d 
about  the  common  Center  of  Gravity  of  all  the  Bodies 
which  compofe  the  Syftem,  which  is  but  little  di¬ 
ftant  from  the  Sgn,  and  that  the  Planets  do  not 
fenfibly  difturb  one  another  in  their  Motions ; 
126 5  wherefore  they  all  defcribe  the  fame  Lines  fingly , 
which  they  would  defcribe  about  the  Sun>  if  every  one 
of  them  was  alone  with  the  Sun  in  the  Planetary  Sy- 
fern,  that  is,  immoveable  Eilipfes  :  For  it  is 
plain,  that  thefe  wil'l  be  defcriVd  by  the  Force 
*s2 08 of  Gravity;*  and  it  is  prov'd  by  Mathematical 
H1  Pemonftratfon,  that  no  other  immoveable  ex- 

centric 
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centric  Lines  can  be  defcrib’d  by  a  Central  Force 
a&ing  equally  at  equal  Diftances. 

It  will  alfo  more  plainly  appear,  that  all  the 
Planets  tend  to  a  Point  near  the  Sun,  if  we  con- 
fider  that  the  Quantity  of  Matter  in  the  Sun  is 
a  thoufand  times,  and  more,  greater  than  the 
Quantity  of  Matter  in  Jupiter ,  which  is  far  the 
greateft  of  all  the  Pianets.*  *i*$$ 

When  all  the  Planets  move,  tho’  they  move  the  1166 
Sun  but  little,  yet  they  do  move  it,  and  draw 
1  it  differently  according  to  iheir  different  Situa¬ 
tion  in  refpeft  of  one  another,  whence  there  a- 
1  rifes  a  fmall  Motion  in  the  Sun,  which  always  de- 
|  pends  upon  the  Motion  already  acquir’d,  and 
!  the  Change  which  happens  in  it  from  the  A&ion 
;  above-mention’d,  which  varies  every  Moment. 

It  is  owing  to  this  Agitation  of  the  Sun ,  that  the  n6y 
,  Planets  difturb  one  another  lefs  in  their  Elliptic  Mo¬ 
tions  round  the  Sun ,  than  if  the  Sun  was  at  Reft  in 
the  Middle  of  the  Syftem.  If  Jupiter ,  ex  gr.  was 
equally  diftant  from  Mercury  and  the  Sun,  it 
would  attrad  both  thofe  Bodies  to  itfelf  with 
1  an  equal  Celerity,*  whence  the  Situation  in  rc-*J23S 
fped  of  the  Sun  is  lefs  chang’d  than  if  the  Sun 
was  not  agitated  by  this  Motion,  and  Mercury 
only  was  attra&ed  by  Jupiter  :  According  to  the 
various  Diftances  of  Mercury  and  the  Sun  from 
Jupiter ,  the  one  or  the  other  is  more  attracted, 
and  there  is  always  a  lefs  Change  in  their  re- 
fpe<5tive  Situation  when  both  are  carried  the 
fame  Way,  than  if  (the  Sun  being  at  Reft)  Mer¬ 
cury  only  fhould  be  carried  towards  Jupiter. 

This  Reafoning  may  be  applied  to  all  the 
Actions  of  the  Planets  that  are  more  diftant 
from  the  Sun  upon  thofe  that  are  lefs  diftant. 

As  to  what  relates  to  the  A&ion  of  thofe  that 
are  nearer,  upon  thofe  that  are  farther  from  the 
Sun,  according  to  the  different  Situation  they 

draw 
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draw  a  Planet  to  the  Sun,  or  drive  it  from  the 
Sun,  and  in  confidering  one  whole  refpe&ive 
Revolution,  that  is,  the  Motion  from  one  Con- 
junction  to  another,  the  Difturbance  is  lefs  than 
if  the  Sun  was  immoveable. 

1258  The  Magnitude  of  the  Sun,  compared  with 
the  reft  of  the  Bodies  of  our  Syftem,  is  the 
Reafon  (as  appears  by  what  has  been  already 
demonftrated)  that  the  Planets  difturb  one  ano¬ 
ther  but  little  ;  but  lince  the  Magnitude  is  not 
infinite,  thefe  mutual  A&ions  muft  not  be  whol¬ 
ly  overlook'd. 

We  have  faid,  that  it  appears  by  Aftronomi- 
cal  Obfervations,  that  Jupiter  alters  the  Way  of 
*1217  Saturn  when  it  is  neareft  to  why  this  Difturb¬ 
ance  is  more  fenfible  than  the  reft,  is  deduc'd 
from  the  Law  of  Gravity. 

12  69  The  Adtions  of  Jupiter  upon  Saturn  when  it 
is  neareft  to  it,  and  of  the  Sun  upon  the  fame 
Planet,  by  which  it  is  kept  in  its  Orbit,  are  to  one 
another  direddy  as  the  Quantities  of  Matter  in 
*1207  Juffter  and  the  Sun,*  (viz,.)  as  9,248.  to  ioooo,* 
‘"1255  and  inverfly  as  the  Squares  of  the  Diftances  of 
Jupiter  and  the  Sun  from  Saturn ,  that  is,  diredfly 
as  81  to  16 ;  for  the  Diftances  of  Saturn  and 
Jupiter  from  the  Sun  are  almoft  as  9  to  5  ; 
1270  wherefore,  when  Jupiter  is  neareft  to  Saturn ,  the 
Diftances  oi  Saturn  from  Jupiter  and  the  Sun  are 
as  4  to  9,  The  Ratio  compounded  of  the  two 
aforefaid  Ratio  s  is  as  749  to  160000,  or  as  1 
to  214  ;  this  ABion  of  Jupiter  confpires  with  the 
Gravity  of  Saturn  towards  the  Sun ,  and  therefore 
encreafes  it  Part  :  Whence  it  is  no  Wonder 
that  the  Difturbance  is  fenfible. 

We  don't  here  confider  the  Force  by  which 
Jupiter  attrads  the  Sun,  for  the  Orbit  of  Saturn 
is  not  chang'd  by  it,  and  what  we  had  to  ex¬ 
plain  was,  why  Aftronomers  obferve  Saturn  to 

be 
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be  turn’d  out  of  the  Way  ;  yet  by  the  Adion  of 
Jupiter  upon  the  Sun,  the  Sun  is  brought  nigher 
to  Saturn ,  and  the  refpedive  Situation  of  thefe 
Bodies  is  more  difturb’d,  than  is  difcover’d  by 
Agronomical  Obfervations.  The  Force  with 
which  Jupiter  in  the  aforefaid  Pofition  attracts 
the  Sun,  and  with  which  therefore  the  Sun  is  at¬ 
tracted  towards  Saturn ,  is  to  the  Force  with 
which  Jupiter  attracts  Saturn ,  as  16  to  25  ;  *  that  *l  208 
is,  as  479  to  749,  which  Number  expreffes  the 
Force  with  which  Saturn  tends  towards  Jupiter , 
when  the  Gravity  of  Saturn  towards  the  Sun  is 
exprefied  by  160000.  it  we  coiled:  into  one 
Sum  the  Forces  of  Jupiter ,  by  which  it  attrads 
Saturn  and  the  Sun  ;  the  Force,  by  which,  from 
the  Interpolation  ot  Jupiter ,  theie  Bodies  tend 
towards  each  other,  will  be  to  the  Gravity  of 
Saturn  towards  the  Sun,  as  1228,  to  160000  ; 
but  this  Gravity  is  to  the  Gravity  of  the  Sun  to-* 
wards  Saturn,  as  160000  to  67,5.  *  wherefore  the 
mutual  Accefs  or  Approach  of  the  Sun  and  Saturn,  I2^  x 
it  to  the  Encreafe  oj  this  Approach  by  the  ABion  of  Ju¬ 
piter  interpcfed ,  as  160067  to  1228,  or,  as  130  to  1. 

This  Disturbance  is  remarkable,  and  far  tire 
greateft  of  any  that  happensin  the  Motion  of  any 
of  the  primary  Planets;  this  alfo  obtains  only  in 
this  one  Cafe  of  the  Conjundion  ;  for  when  Ju¬ 
piter  recedes  from  Saturn ,  the  Difturbance  of  the 
Motion  of  Saturn ,  in  a  fhort  Time,  becomes 
infenfible. 

In  the  fame  Pofition  of  Jupiter ,  when  it  is 
neareft  to  Saturn ,  the  Force  <of  Saturn ,  altho*  it 
be  the  greateft  of  all  in  this  Cafe,  does  not  fo 
fenfibly  alter  the  V\  ay  of  Jupiter  about  the  Sun. 

The  Adion  of  Saturn  attrading  Jupiter ,  is  to  its 
Adion  by  which  it  attrads  the  Sun,  as  81  to 
16  ;  therefore  it  attrads  Jupiter  with  greater  *1208 

Celerity  •  and  fince  they  are  both  attraded  the 

2  fame 
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fame  Way,  the  difference  of  thefe  Forces  is  the 
Force,  with  which  (from  the  Action  of  Saturn,') 
Jupiter  and  the  Sun  are  feparated  from  each 
*iyj  other  * ;  which  is  therefore  to  the  Gravity  of 
the  Sun  towards  Saturn,  as  65  to  i6  -,  but  this 
Gravity  Of  the  Sun  towards  Saturn,  is  to  the 
Gravity  of  Jupiter  towards  the  Sun,  354,223.  to 
'1207  10000  *,  and  as  25  to  81  *,  that  is,  as  106  tO 

♦1208  8looo°>  0r  as  16  t°  12275O;  therefore  the 
difturbing  Force  of  Saturn  is  to  the  Gravity  of 
Jupiter  towards  the  Sun,  as  65  to  122756,  or 
1272  as  i  to  1888  ;  therefore  by  the  greateft  Attion  of 
Saturn,,  the  Gravity  of  Jupiter  towards  the  Sun  is 
diminiftid  only  by  ran  Part,  which  diflurbance  is  ! 
infenfible. 

The  Other  mutual  Difturbarices  of  the  Planet^ 
are  much  lefs,  as  will  appear  by  determining 
that,  which  is  the  greateft  of  them  all,  (viz.) 
that  of  Mars  by  Jupiter,  which  is  difcover’d  by 
the  fame  fort  of  Computation  as  the  fore¬ 
going- 

The  Diftance  Of  Jupiter  from  Mars  and  the 
i  gj  Sun,  when  Mars  is  between  the  Sun  and  Jupiter 
962'*^  the  fame  Line,  are  as  7  to  10*5  wherefore 
the  Forces  with  which  Jupiter  attrafts  thefe 
*1208  Bodies,  are  as  100  to  49  *,  the  Difference  of 
which  Forces  is  to  the  Gravity  of  the  Sun  to¬ 
wards  Jupiter,  as  51  to  49.  This  Gravity  of 
.  the  Sun  towards  Jupiter,  is  to  the  Gravity  of 
Mars  towards  the  Sun,  as  9,248  to  1000  *,  and 
■*1208  asS*  to  100  *s  that  is,  as  83  to  1000000  ;  or  as 
49  to  590443  ;  and  the  difturbing  Force  of  Ju¬ 
piter  is  to  the  Gravity  of  Mars  towards  the  Sun, 
as  51  to  5pc>443  >  or  as  i  to  11577  :  wherefore 
1273  tfc  Gravity  of  Mars  towards  the  Sun,  is  diminish'd 

only  frb?  Part  by  the  ABion  of  Jupiter  when  nearefl 

to  it .  '  J 

Altho" 
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Altho’  thefe  Difturbances  ariftng  from  the  1 274 
Actions  of  the  Planets  upon  each  other ,  be  very  fmali, 
and  altho'  thofe  which  happen  in  a  diderent  Po¬ 
rtion  of  the  Planets,  do  in  fome  Meafure  com- 
penfate  each  other,  yet  the  Proportion  in  which 
the  Force,  which  keeps  the  Planets  in  their  Or¬ 
bits  decreafes,  is  a  little  chang  d  by  thefe  Add¬ 
ons,  fo  that  it  does  not  decreafe  exadly  in  an  in- 
1  verfe  Ratio  of  the  Square  of  the  Diftance : 
Therefore  altho’  the  Orbits  are  at  reft  as  to 
Senfe,  after  a  great  many  Revolutions ,  a  fmali  change  *  245 
1  is  ohferv  d  in  their  Situation.  *  9? 9 

From  all  this  it  follows,  that  if  we  fuppofe  the  127S 
I  Planets  at  firft  once  projected  at  the  Diftances 
I  from  the  Sun  at  which  they  are  mov’d,  they 
i  will  by  the  Laws  already  explain'd,  perfevere  in 
I  thofe  Motions  ;  and  the  Excentricity  of  the  Or- 
I  bits  depends  upon  the  Celerity  and  diredion  of 
!  the  firft  Projedion.  But  thefe  Motions  may  be 
I  preferv’d  very  long,  by  reafon  oi  the  (mail  Re- 
(  fiftance  of  the  Celeftial  Matter. 

It  is  alfo  plain,  why  by  Lines  drawn  to  the 
I  Center  of  the  Sun,  they  deferibe  Areas  propor¬ 
tionable  to  the  Times  ;  namely,  becaufeall  other 
Gravities  in  the  Syftem,  are  very  fmali  in  refped 
to  the  Gravity  towards  the  Sun  *;  therefore  by  ♦ 
this  Gravity  alone,  it  is  that  they  are  retain'd  in 
!  their  Orbits,  whence  follows  this  proportion  of 
1  the  Areas  *.  And  alfo  Motion  in  Elliptic  Lines/225 
which  are  carried  on  very  (lowly,  follows  from  the 
Law  of  Gravity  ;  and  thefe  Lines  wou’d  alfo  be 
immoveable,  if  the  Planets  gravitated  only  to¬ 
wards  the  Sun*;  but  this  (low  Motion  of  the11  i4r 
Orbits,  is  deduc'd  from  the  Adion  of  the  Pla-  1208 
nets  upon  one  another.*  Now  in  refped  to  the ’1274 
Proportion  which  is  cbfcrv’d  between  the  Cubes 
of  the  Diftances,  and  the  Squares  of  the  Periodi¬ 
cal  Times,  it  is  alfo  deduc’d  from  the  Law  of 

Gravity 
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*  239  Gravity  ■,  *  fo  that  if  we  add  to  thefe  what  we 

*  1 2 17  ha.ve  faid  ,of  che  Deflexion  of  Saturn,  *  nothing 
1270  will  remain  to  be  explain'd  in  refpedt  to  the  Pri- 

mary  Planets. 

1276  That  the  Motion  of  Comets  depends  upon  the  Law 
of  Gravity ,  is  alfo  deduc’d  from  Obfervations  ; 
and  in  refped  ot  them,  as  has  been  faid  concern¬ 
ing  the  Planets,  the  Sun's  Gravity  prevails,  and 
by  that  Gravity  they  defied:  from  a  redilinear 

*22°  ^ourie  >  *  but  that  the  Curvature  of  their  Way 
220  depends  upon  the  fame  Gravity,  follows  from  i 
this  ;  That  a  Body  by  that  Gravity,  will  de- 
+  fcribe  an  Ellipfe,  ot  a  Parabola,  or  an  Hyper- 

*  241 Rbola ;  *  which  Lines  it  appears  that  thofe  Comets 
1208  have  defcrib’d,  whofe  Trajedories  have  been 

determin’d. 

1277  The  Satellites  of  Jupiter  and  Saturn  are  movd  by 
v66  t^e^ame  d^aws  about  their  Primaries ,  as  the  Prima - 
9  74  rjesare  movd  about  the  Sun ;  *  wherefore  the  Expli- 
*1275  cation  of  thofe  Motions  *  may  be  alfo  referred 

to  them  ;  for  in  thefe  three  Cafes,  fmaller 
Bodies  are  revolving  at  different  Diftances 
about  a  much  greater  Body :  namely.  Satellites 

about  Jupiter  and  Satumy  and  Primary  Planets 
about  the  Sun. 

1278  Whilfl  fecondary  Planets  are  movd  about  a  Prima¬ 
ry  one ,  it  is  evident  that  they  may  all  be  movd  with 
one  common  Motion ,  whereby  the  refpedive  Motions 
with  which  they  are  mov'd  in  refped  of  each  other, 
will  not  be  difturb’d,  becaufe  a  Body  may  at  the 

*  125  fame  Time  be  mov’d  by  different  Impreflions  : 

The  Motion  that  a  Primary  Planet  has  in  com¬ 
mon  with  its  Satellites,  is  the  Motion  of  a  Pri¬ 
mary  Planet  about  the  Sun. 

1 27P  Yet  the  Motion  of  the  Secondary  Planets  is  difiurb'dby 
theABion  ofthe  Sun ,  towards  which  they  are  carried 
fometimes  fafler,  and  fometimes  flower,  accord¬ 
ing  to  the  different  Pofition  of  the  Primary  •  and 

they 
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they  alfo  often  concur  towards  the  Sun’s  Center 
in  different  Directions.  Thefe  Irregularities 
which  are  very  fmall,  cannot  be  obferv  d  in  the 
Satellites  of  Jupiter  and  Saturn ,  tho  they  be 
really  like  thofe  which  areobferv’d  in  the  Motion 
of  the  Moon;  the  leaft  Deviation  of  this  laft  is 
very  fenfible  to  us.  But  that  the  Irregularities  of 
the  Moon  exactly  follow  from  the  Theory  of 
Gravity,  will  appear  in  the  next  Chapter. 


CHAP.  XVI. 

The  Vhyfical  Explication  of  the  Moon's 

Motion . 

T  T  is  certain  that  the  Moon  and  Earth  having  1280 
\  once  a  projectile  Motion  given  them,  they 
can  perfevere  in  their  Motion  about  their  com  ^ 
mon  Center  of  Gravity  :  *  ifthey  be  carried  any 11  i%6i 
way  by  a  common  Impreftion  directed  in  parallel 
Lines,  as  was  laid  of  the  Satellites  of  Jupiter  and 
Saturn ,  *  this  Motion  will  not  difturb  the  Mo-¥i27$ 
tion  about  the  common  Center  of  Gravity,  which 
alone  will  follow  that  Direction,  becaufe  in  re- 
fpeCt  of  the  two  Bodies  it  is  at  reft.  But  the 
Bodies  are  carried  by  a  Motion  compounded  of 
that  Impreftion  and  of  the  Motion  about  the 
common  Center  of  Gravity  ;  *  that  is,  they  are  195 
whirl’d  about  that  Center  as  it  is  carried  along, 
as  before  its  Motion  when  it  was  at  reft.  If 
every  Moment  new  Impreflions  common  to  both 
the  Bodies  ad  upon  them,  the  Way  of  the  Cen¬ 
ter  of  Gravity  may  be  chang’d  every  Moment* 
whichChange  will  be  like  that  which  the  Bodies 
themfelves  wou’d  undergo,  if  they  had  no  re- 
fpedive  Motion. 

VolII.  .  R 
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Hence  we  deduce,  that  if  whilft  the  Moon 
and  Earth  are  whirl’d  round  their  common  Cen¬ 
ter  of  Gravity,  they  be  both  projected,  the  Way 
of  the  Center  of  Gravity,  by  the  Adtion  of  the 
Sun  a&ing  upon  both  Bodies,  is  the  fame  as  a 
Body  projected  in  the  fame  manner,  wou’d  de- 
fcribe  about  the  Sun. 

2  28 1  Whence  it  follows,  that  the  Moon  difiurls  the 
Motion  of  the  Earthy  and  that  the  common  Center  of 
Gravity  of  thofe  Bodies  defcribes  that  Orbit  about  the 
Sun ,  which  we  have  hitherto  faid  that  the  Earth  de¬ 
fer  iV  d  ;  becaufe  we  overlook’d  the  Acftion  of  the 

1282  the  Moon;  but  the  Earth  defcribes  an  irregular 
Curve . 

1283  Fig.  4.  Tlate  XXIV.]  Let  the  Sun  be  at  S ;  and 
the  common  Center  0!  Gravity  of  the  Moon  Q> 
and  the  EarthM,  at  theTime  of  the  Full  Moon  be 
at  F :  After  one  whole  Lunation,  that  is,  the  next 
Full  Moon,  let  that  Center  be  at  A  ;  and  let 
F  D  A  be  the  Orbit  which  we  call  that  of  the 
Earth;  but  in  which  it  is  the  Center  of  Gravity 
abovementior/d  that  does  really  move. 

If  this  Lunation  be  divided  into  four  equal 
Parts,  after  the  firft,  the  Center  of  Gravity  will 
be  at  E,  the  Moon  at  P,  and  the  Earth  at  L  j 
after  the  fecond  part  of  the  Time,  at  New- 
Moon,  the  Center  of  Gravity  will  be  at  D,  the 
Moon  at  R,  and  the  Earth  at  I  ;  in  the  follow¬ 
ing  Quadrature,  the  Center  of  Gravity  will  be 
at  B,  the  Moon  at  O,  and  the  Earth  at  H  ;  laftlyJ 
at  Full-Moon  the  Center  of  Gravity  being  at  A, 
the  Moon  will  be  at  N,  the  Earth  at  G:  all 
which  follows  from  the  Revolution  of  the  Earth 
and  Moon  about  their  common  Center  of 
Gravity,  whilft  it  is  carried  in  the  Orbit  about 
the  Sun. 

Therefore  we  fee  the  Earth  move  in  the 
Curve  M  L I H  G,  which  is  twice  infle&ed  in 

each 
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each  Lunation;  which  Curve  alfodoes  not  return 
into  it  felf,  becaufe  the  Inflexions  in  the  feverai 
Revolutions  about  the  Sun  do  not  coincide  ;  tor 
1 2  Lunations,  and  a  third  part  of  another,  are 
perform  d  every  \ear. 

This  Irregularity  of  the  Motion  of  the  Earth ,  which  1 284 
is  deduc’d  from  the  Laws  of  Nature,  is  toofmall 
to  become  fenfible  in  Aftronomical  Obfervations  ; 
wherefore  we  may  without  any  Error  fay,  that 
the  Center  of  the  Earth  it  felf  describes  the 
Orbit  F  DA  ;  for  M  F,  or  D  I,  the  greateft 
Diftance  of  the  Earth  from  that  Orbit,  is  about 
the  40th  part  of  the  Diftance  I  R,  which 
Diftance  itfelf  is  not  the  300th  part  of  the 
Diftance  F  S. 

In  explaining  what  relates  to  the  Moon ,  we  alfo  negleEt  1 285 
the  Confederation  of  the  Motion  of  the  Earth  about  the 
commonCenterof  Gravity  abovemention  d,  but  wefuppofe 
it  to  revolve  at  the  Diftance  of  60  Semidiameters,  from 
the  Center  of  the  Earth ;  becaufe,  as  we  have  be-^ 
fore  demonftrated,  *  fuch  is  the  Diftance  at"  1253 
which  in  its  periodical  Time,  it  cou’d  revolve 
about  the  Earth  at  reft,  or  carried  along  in  an 
Orbit  in  which  it  fhou’d  not  be  difturb’d  by  the 
Moon’s  Adion.  By  this  Method,  the  Moon’s 
Irregularities  will  be  much  more  eafily  difeover’d ; 
for  they  are  the  fame ;  as  is  evident,  whether  the 
Moon  moves  about  the  common  Center  of 
Gravity  of  the  Moon  and  Earth,  or  about  the 

Center  of  the  Earth  itfelf. 

Plate  XXV.  Fig.  1.]  Let  S  be  the  Sun;  T  the  12S5 

I  Earth  ;  and  the  Orbit  of  the  Moon  A  LB  l ;  and 
laft  of  all,  let  the  Moon  be  at  A  in  the  Quadrature  ; 
it  tends  towards  the  Sun  in  the  Diredion  A  S, 
in  the  fame  manner,  and  with  the  fame  Force 
that  the  Earth  is  carried  towards  S  along  T  S, 
becaufe  the  Diftances  A  S  and  T  S  are  ec|ual  t 
This  Force  may  be  reprefented  by  T  S  or  A  S, 

R  2  whereby 
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whereby  the  Moon  endeavours  to  defcend  along 
A  S,  and  be  refolv’d  into  two  Forces,  by  drawing 
the  Parallelogram  A  D  S  T  ;  fo  that  the  Moon 
will  endeavour  to  move  in  the  Dire&ions  A  D 
and  A  T,  by  Forces  reprefented  by  thofe 

*  192  Lines.  * 

By  the  Force  which  acts  along  A  D,  the  Moon 
is  carried  with  the  tame  Celerity  and  the  fame 
Way  as  the  Earth  ,•  by  reafon  of  the  equal  and 
parallel  Lines  T  S  and  A  D ;  wherefore  by  this 
Motion,  the  Relation  between  the  Moon  and 
Earth  is  not  chang  d  •  but  the  Force  along  A  T 

1287  confpires  with  the  Gravity  of  the  Moon  towards  the 
Earthy  and  this  Gravity  is  encreafed  by  the  Action  of 
the  Sun ,  when  the  Moon  is  in  the  Quadratures :  and  it  is 
an  Augmentation  or  Addition  to  the  Gravity  of  the  Earth 
towards  the  Sun ,  as  AT  the  Moons  Difiance  from  the 
Earth  is  to  T  S,  the  Earth* s  Di fiance  from  the  Sun . 

T  S  the  Earth  s  Di  fiance  from  the  Sun  remaining 
the  fame ,  the  abovemention’d  Addition  of  Gravity 
encreafes ,  and  diminijhes  in  the  Ratio  of  the  Line 
A  X,  the  Diftance  of  the  Moon  from  the  Earth. 

But  this,  Diftanceof  the  Moon  from  the  Earth 
AT,  if  it  remains  the  fame,  and  T  S  be  en¬ 
creafed,  then^A  T  will  be  lefs  in  refped:  of  A  S 
therefore,  tho  there  fihou’d  be  no  change  in  the 
Force, whereby  the  Earth  and  Moon  fall  towards 
the  Sun,  the  Addition  will  be  lefs,  and  fo  much 
lefs  as  T  S  is  greater,  that  is,  it  will  heinverfly  as 
TS*  but  the  Force  of  Gravity  does  not  remain  the 
fame,  when  T  S  is  increafed,  but  is  diminifli’d  ; 
wherefore  alfo  in  that  refpedt,  the  abovemen¬ 
tion  d  Addition  is  diminifh’d,  and  in  the  fame 
Ratio  with  that  Force  of  Gravity  *  therefore 
it  is  in  the  inverfe  Ratio  of  the  Square  of  the 

*  1208 X)iPtance  T  S ;  *  il  this  Diminution  be  added  to 

that  abovemention’d,  we  fee  that  the  Addition  of 

'  which 
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which  we  fpeak,  follows  the  inverfe  Ratio  of  the  1289 
Cube  of  the  Di fiance  of  the  Earth  jrom  the  Sun. 

T lye  Difiance  of  the  Earth  f  rom  the  Sun  remaining  1290 
the  fame ,  the  Gravity  of  the  Moon  towards  the  Earth 
decreafes  more  / Jowly  in  the  Quadratures,  than  ac¬ 
cording  to  the  inverfe  Ratio  of  the  Square  oj  the 
Difiance  from  the  Center  oj  the  Earth ;  for  if  the 
Addition  in  that  cafe  fhou’d  follow  the  inverle 
Ratio  of  the  Square  of  the  Diftance,  as  the 
Gravity  from  the  A&ion  of  the  Earth  does,*  this*  1208 
Ratio  wou’d  not  be  difturb  d  ;  but  the  Addition 
encreafes  when  the  Gravity  itfelf  is  diminifh  d  ; 
wherefore  the  Addition,  when  the  Diftance  is 
increafed,  is  always  greater  than  is  required,  and 
confequently  the  Diminution  the  lefs. 

This  Addition  is  determin’d  in  the  mean  Difian - I2pi 
ces  of  the  Moon  from  the  Earth ,  and  of  the  Earth 
from  the  Sun  :  Let  A  T  and  T  S  be  thefe  mean 
Diftances  *  the  Addition  required  to  the  Gravity 
of  the  Earth  towards  theSun,  is  as  A  T  to  T  S  ,287 
the  Gravity  of  the  Earth  towards  the  Sun,  is  to 
the  Gravity  of  the  Moon  towards  the  Earth  (bccaufe 
thefe  Bodies  are  retain’d  by  thefe  Gravities  in 
their  Orbits)  dire&ly  as  TS  to  T  A,  and  in- 
w[ly  as  the  Squares  of  the  periodical  Times  of  the 
Earth  about  the  Sun ,  and  of  the  Moon  about  the 
Earth  :  *  Therefore  the  Addition  requir’d  to  the ,  ^ 
Gravity  of  the  Moon  towards  the  Earth,  is  in  a 
Ratio  compounded  of  thefe  Ratio  s  ;  that  is,  the 
above  mention’d  inverfe  Ratio  of  the  periodical 
Times  of  the  Earth  and  Moon,  the  other  Ratio  $ 
deftroying  one  another.  Thefe  Times  are  given, 

and  their  Squares  are  invertly  as  1  I78>73; 

Now  if  the  Moon  be  at  L,  [_Plate  XXV.  1292 
pia  i.]  in  which  Situation  the  Sun  attra&s  the 
Moon  and  Earthin  the  fame  Line,  but  not  equally ; 
the  Moon  it  draws  with  a  greater  Force,  be- 

caufe  it  is  lefs  difhnt  from  it  >  The  Difference  a 

R  3  thofe 
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thofe  Forces  is  the  Force  by  which  the  Moon  is 
drawn  back  from  the  Earth,  and  by  which  the 
,  Gravity  of  the  Moon  towards  the  Earth  is 
dimimfh’d. 

The  Forces,  whereby  the  Moon  at  L,  and 
the  Earth  at  T,  tend  towards  the  Sun,  are  to 
one  another  as  the  Squares  of  the  Lines  S  T  and 
f  i2oSS  L  and  the  Difference  of  the  Forces,  that  is, 
the  disturbing  Force,  is  to  the  Force  by  which 
the  Earth  defcends  towards  the  Sun,  as  the 
Difference  of  thofe  Squares  to  the  Square  of  the 
Line  L  S ;  that  is,  nearly  as  double  L  T  to  L  S 
or  T  S;  for  thefe  Lines  do  but  very  little  differ 
1 25?  3  from  one  another;  and  the  Difference  of  the  Squares , 
zvhofe  Roots  differ  but  little ,  is  keeping  the  Proportion 
double  that  which  is  between  the  Roots . 

It  therefore  T  S,  as  before, reprefents  the  Force 
whereby  the  Earth  defcends  towards  the  Sun, 
L  /  will  reprelent  the  difturbing  Force  and  di- 
minifhing  Gravity,  when  A  T  reprefents  the 
*1286 difturbing  Force  in  the  Quadratures.  *  Let  the 
*2P4.Mocn  ’De  at/ ;  it  is  again  (together  with  the 
Earth)  actraded  by  the  Sun  in  the  fame  Line  * 
but  the  Earth,  becaufe  lefs  diffant,  moves 
*  1208  more  fwiftly  towards  the  Sun  ;  #  fo  that  there 
is  a  Force  which  feparates  the  Earth  from  the 
Moon,  namely,  the  Difference  of  the  Forces 
which  attrad  the  Moon  and  the  Earth  ,•  which 
Force  always  ads  contrary  to  the  Gravity  of  the 
Moon  towards  the  Earth,  and  diminifhes  it,  in 
the  fame  manner  as  has  been  demonff  rated  from 
the  greater  Gravity  of  the  Moon  towards  the 
Sun,  fuppoffng  it  at  L.  At  /  alfo  the  fepa- 
rating  Force  fcarce  differs  from  the  feparating 
Force  at  L;  for  this  Force,  as  we  have  fhewn, 
is  proportional  to  the  Difference  of  the  Squares 
of  the  Lines  T  S  and  L  S;  and  that  (as  appears 
by  fuch  another  Demonffration)  proportional  to 

the 
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the  Difference  of  the  Squares  of  the  Lines  l  S, 
and  T  S ;  which  Differences,  by  reafon  that 
L  /  is  very  fmall  in  refpedt  ot  T  S,  icarce  di  er 
among  themfelves  ;  fo  that  the  Force,  which  di- 
miniflies  the  Moon’s  Gravity  at  /,  is  afo  repre- 

fented  by  L  l.  . 

Yet  the  Difturbing  Forceis  fomething greater  at  tlren^y 

ConjunBion  L  than  at  the  Oppofmonl ;  for  fup- 
pofing  the  Differences  between  the  Roots  to  be 
equal,  the  Squares  keeping  the  Proportion,  will 
differ  fo  much  the  more,  the  lefs  they  are;  and 
fo  keeping  the  Proportion,  the  Forces  differ  more 
at  L  and  T,  than  at  T  and  /,  which  alfo  are^ 

lefs.  *  1108 

From  this  we  conclude,  that  the  Force  which  1296 

Atmmijhes  the  Gravity  of  the  Moon  in  the  Syzygies,  is 

double  that  which  encreafes  it  in  the  Quadratures ; 

namely,  as  LI  to  AT.  Wherefore  in  the  Syzy- 

gies,  the  Gravity  of  the  Moon  from  the  Adion 

of  the  Sun  is  diminifh’d  by  a  Part,  which  is  to 

the  whole  Gravity,  as  1  to  89,3d.;  for  in  the 

Quadratures,  the  Addition  of  Gravity  is  to  the^  ^ 

Gravity,  as  1  to  178,73-  *  .  „  ,  *9' 

In  the  Syz.ygies,  the  difturbing  Force  follows  the  1297 
fame  Proportion  with  half  added  to  it ;  that  is^ 

with  the  difturbing  Force  in  the  Quadratures  ;  ,29 

it  is  therefore  direBly  as  the  Di  fiance  of  the  Moon 
from  the  Earth,*  and  inver fly  as  the  Cube  of  the  * 
'Difiance  of  the  Earth  from  the  Sun.  f 

At  the  Syzygies  the  Gravity  of  the  Moon  towards  1  -9* 
the  Earth,  receding  from  its  Center  is  more  dimi¬ 
nish'd,  than  according  to  the  inverfe  Ratio  of  t  re 
Square  of  the  Difiance,  from  that  Center-,  tor  they 
woad  be  diminilh’d  in  that  Ratio,  it  the  Force 
to  be  taken  away  follow’d  the  fame  Ratio  ;  but 
on  the  contrary,  as  it  encreafes  when  the  Di  tance  ¥ 
becomes  greater,  *  the  Diminution  is  always 

greater  chan  in  that  Ra’tio.  plate 
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1299  Piate  XXV.  Fig.  1.]  Laftly,  let  the  Moon  be 
F,  in  any  intermediate  Place  between  the  Sy- 
zygy  and  Quadrature,  it  is  drawn  towards  the 
Sun  along  F  S;  by  which  fince  it  is  lefs  diftant 
than  the  Earth  T,  it  is  attra&ed  withmore  Force 
than  the  Earth  ;  Let  the  Force,  with  which  the 
Moon  tends  to  the  Sun,  be  to  the  Force,  with 
which  the  Earth  is  carried  towards  it,  as  F  M 
to  T  S,  which  alfo  before  has  been  made  ufe  of 
to  exprefs  the  fame  Gravity  of  the  Earth.  Draw 
x  the  Parallelogram  F  H  M  I,  whofe  Diagonal  is 
F  M,  and  whofe  Side  F  H  is  parallel  and  equals 
to  the  Line  T  S.  The  Motion  of  the  Moon  to¬ 
wards  the  Sun  is  refolved  into  two  Motions,  one 
along  F  H,  the  other  along  P  I,  and  thefe  Lines 
^  denote  the  Forces  whereby  the  IMoon  endeavours 
w  j92  to  move  along  them.  *  The  Motion  along  F  H 
is  common  to  the  Moon  and  the  Earth,  which 
with  an  equal  Force,  and  in  a  Line  parallel  to  it 
does  alfo  tend  to  the  Sun;  fo  that  by  thisMo-* 
tion  of  the  Moon,  the  Situationof  it,  in  refped 
of  the ^  Earth,  will  not  be  chang’d,  and  the 

disturbing  Force  will  be  only  the  Motion  a- 
lqng  F  I. 

By  reafon  of  the  immenfeDiftance  of  the  Sun 
the  Part  MS  of  the  LineM  F,  is  fmall  in  refpeft 
of  the  whole,  and  the  Angle  F  S  T,  where  it  is 
the  greateft,  as  A  S  T^  is  hardly  more  than  the 
6th  part  of  a  Degree ;  whence  it  follows,  that 
the  Lines  M  I  and  S  N  are  very  near  one  ano¬ 
ther,  and  that  the  Points  I  and  N  are  fcarce  fen* 
Ebly  diftant,  and  may  without  any  fenfible  Er- 
ror  be  confounded  together ;  which  Error,  not¬ 
withstanding  how  little  foever  it  need  be  re¬ 
garded,  in  consideration  ofone  whole  Revolution, 
is  compenfated  by  a  contrary  Error  when  the 

^rckd^Ey  F  Nherefore  the  *^“8  Force 
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It  is  to  be  obferved,  when  only  the  Part  E  F 1300 
of  the  Line  E  S  is  consider'd,  that  it  is  to  be 
look’d  upon  as  parallel  to  the  Line  L  /,  becaufe 
of  the  fmall  Angle  which  thefe  Lines  make. 

From  the  Point  N,  draw  N  (^perpendicular  to  1301 
the  Line  F  T,  continued  if  need  be,  in  which 
the  Moon  gravitates  towards  the  Earth;  and 
let  the  Re&angular  Parallelogram  F  P  N  Q  be 
drawn  ;  let  us  conceive  the  Force  along  F  N  re- 
folv’d  into  two  others,  a&ing  in  the  Dire&ions 
F  Qand  F  P,  and  reprefented  by  thefe  Lines  :  *  *  19* 
By  the  Force  along  F  Q,  the  Force  of  Gravity  is 
diminifli’d,  in  the  cafe  reprefented  by  this  Figure ; 
but  it  is  encreafed  when  the  Point  Q  falls  be¬ 
tween  F  and  T  ;  but  by  the  Force  along  F  P, 
the  Moon  in  its  Orbit  is  drawn  towards  the  next 
Syzygy  L,  and  the  Motion  of  the  Moon  is  acce- 
1  lerated  or  retarded,  according  as  this  Force  con- 
fpires  with  or  a&s  contrary  to  the  Moon’s 
!  Motion. 

Near  a  Syzygy,  the  Gravity  of  the  Moon 
is  diminilh’d,  and  the  Line  F  Q,  which  follows 
the  Proportion  of  this  Diminution,  grows  lefs, 
receding  from  the  Syzygy  till  it  vanifhes,  at  the 
[  Diftance  of  about  54  Deg.  44  Min.  from  it;  at 
t  a  greater  Diftance  of  the  Moon,  from  the  Sy- 
5  zygy,  Q  falls  in  between  F  and  T ;  and  the 

!  Gravity  of  the  Moon  towards  the  Earth  is  en- 
creas'd  by  the  Sun’s  A&ion.  The  Force  along 
F  P  vanifhes  in  the  Syzygy  L,  receding  from  it 
it  encreafes  quite  to  the  Oefant,  which  is  the 
middle  Point  between  the  Syzygy  and  the  Qua¬ 
il  drature  ;  and  then  it  diminilhes  again  till  it  va- 
t  nifhes  quite  at  B. 

Between  B  and  /,  or  /  and  A,  the  difturbing  1302 
Motions  are  determin’d  in  the  fame  manner,  as 
in  A  LB,  the  oppofite  inferior  Part  of  the  Or- 
J  bit ;  at  E  and  F,  the  Diminution  of  Gravity  is 
fj  '  equal. 
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equal,  and  in  that  Pofltion  it  is  drawn  in  the 
Orbit  with  an  equal  Force  towards  the  Syzygy  /, 
with  that  with  which  at  F  it  is  impelled  to¬ 
wards  the  Syzygy  L. 

1303  Hence  it  follows,  that  in  the  Motion  oj  the  Moon 
from  the  Syzygy  to  the  Quadrature ,  between  L  and 
B,  as  alfo  between  /  and  A ;  the  Gravity  of  the 
Moon  towards  the  Earth  is  continually  encreas’d ,  and 

1  loathe  Moon  is  continually  retarded  in  its  Motion.  But 
in  the  Motion  jro?n  the  Quadrature  to  the  Syzygy, 
between  B  and  /,  as  alfo  between  A  and  L,  every 
Moment  the  Moons  Gravity  is  diminilh'd,  and  its 
Motion  in  its  Orbit  is  accelerated. 

You  may  determine  the  Forces  upon  which 
thefe  Effe&s  depend,  by  comparing  them  with  the 
known  Force,  whereby  Gravity  is  encreas’d  in  the 

*  1 29 1  Quadratures,^  and  which  is  reprefented  by  the 

Mooffs  Diftance  from  the  Center  of  the  Earth. 

1305  The  Lines  MI,  H  F,  S  T,  are  equal  by  Con- 
ftrudtion  •  therefore  when  the  Points  I  and  N  are 
confounded,  MN  is  equal  to  ST,  and  MS  is 
equal  to  NT.  The  Lines  MF  and  ST  re- 
prefent  the  Forces,  whereby  the  Moon  at  F 
and  the  Earth  at  T  are  carried  towards  the  Sun 
S  ;  therefore  they  are  as  the  Square  of  the  Line 

*  1208TS  to  the  Square  of  the  Line  FS  wherefore, 

as  F  G  is  the  Difference  of  thofe  Lines,  F  M 
and  T  S  differ  from  one  another  double  the  Line 

**293  GF*  and  adding  GF  to  the  Line  FM,  the 
Difference  between  G  M  and  T  S,  that  is,  M  S 
will  be  triple  the  Line  F  G  ;  and  therefore  this  is 
alfo  the  Quantity  of  the  Line  NT :  Now  as 

^1300 F  E  is  double  FG;*  therefore  N  T  will  be  to 
F  E  as  Three  to  Two. 

Let  F  T  be  continued,  if  need  be,  and  from 
E  draw  E  V  perpendicular  to  it;  the  Triangles 
EVF  and  N  QT,  which  are  re&angular,  will 
be  fimilar,  by  reafon  of  the  alternate  Angles 

VFE 
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V  F  E  and  QTN  :*  Therefore  NT  is  to  F E,*i3oo 
that  is,  Three  is  to  Two,  as  N  equal  to 
F  P,  is  to  E  V  •  which  therefore  is  proportional 
to  two  third  Parts  of  the  Force,  which  is  ex- 
prefled  by  F  P  ;  but  E  V  is  the  Sine  of  the  An¬ 
gle  ET  V  at  the  Center,  which  is  double  the 
Angle  E  F  V  at  the  Circumference,  equal  to  the 
Angle  F  T  L,  which  is  the  Diftance  of  the 
Moon  from  the  Syzygy.  Therefore,  as  the  Radius  1306 
T  A,  or  T  E,  n  to  a  Sine  and  an  half  of  double  the 
Diftance  of  the  Moon  from  the  Syzygy ,  namely  FP, 
fo  the  Addition  of  Gravity  in  the  Quadratures  (  which 
is  exprefs'd  by  the  Radius  TA)  is  to  the  Force 
which  accelerates  or  retards  the  A loon  in  its  Orbit. 

The  Computation  of  this  Diminution  of  Gra¬ 
vity,  and  of  its  Encreafe  at  a  lefs  Diftance  from 
the  Quadratures,  is  deduced  from  the  fame  Prin¬ 
ciples. 

This  Diminution  is  reprefented  by  the  Line 
F  which  is  equal  to  Q_T,  minus  the  Radius; 
but  from  the  Confideration  of  the  Triangles 
above  mention'd,  V  F  taken  once  and  a  half  is 
equal  to  QT  ;  therefore  V  T  and  an  half,  with 
half  the  Radius  added  to  it,  exprefles  the  re¬ 
quir'd  Diminution  of  Gravity;  and  the  Radius  >1^07 
is  to  the  Sum  or  Difference  of  once  and  a  half  the 
Co-fine  of  double  the  Diftance  of  the  Moon  from  the 
Syzygy  and  halj  the  Radius :  As  the  Addition  of  Gra¬ 
vity  in  the  Quadratures ,  to  the  Diminution  or  En¬ 
creafe  of  Gravity  in  that  Situation  of  the  Moon ,  con¬ 
cerning  which  the  Computation  is  made. 

We  make  ufe  of  the  Difference  of  the  Co- 
;  fine  from  half  the  Radius,  when  the  Angle, 
whofe  the  Co-fine  is,  is  greater  than  a  right  An¬ 
gle  ;  becaufe  in  that  Cafe  we  make  ufe  of  the 
Co-fine  of  the  Complement  of  the  Angle  to 
two  right  Angles :  When  in  this  fame  Cafe  the 
Co-fine  and  a  half,  which  we  make  ufe  of,  is 

greater 
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greater  than  half  the  Radius,  the  Quantity  found 
is  to  be  added ;  that  is,  encreafes  the  Gravity, 
which  obtains  every  where  between  the  Qua¬ 
drature,  and  35  Deg.  1 6  Min.  from  it. 

1308  Thefe  Forces ,  whatever  is  the  Figure  of  the  Moons 
Orbit  3  aye  exactly  determin  d  •  for  they  are  corn- 
par  d  with  the  Addition  of  Gravity  in  the  Qua¬ 
dratures,  fuppofing  the  Moon  in  the  Quadrature 
to  be  at  the  fame  Diftance  from  the  Earth,  at 
which  it  really  is  in  the  Place  which  is  confi¬ 
det  d ;  but  this  Adoition  is  difcover'd  in  every 
sff  jpi  Cafe* 

I2q8,  be  foreign  to  the  Purpofe  of  this 

^^9, Work,  to  give  a  Computation  of  the  Moon's 
Motion,  I  thought  it  neceffary  to  explain  in  a 
few  Words,  what  is  the  Method  whereby  to 
difcover  the  Forces  that  govern  the  Moon;  be- 
eaufe  the  more  exa&ly  we  know  the  Forces,  the 

more  eafily  we  fhall  conceive  their  general 
Effed.  ‘  * 

Now  to  examine  the  Moon's  Motion,  we 
mud  fingly  confidet  its  feveral  Irregularities ; 
which  to  do  without  Confufion,  we  muft  re¬ 
move  feveral  Irregularities,  and  conceive  the 
Moon  as  moving  m  a  Circle  about  the  Earth, 
m  which  Curve  it  is  plain,  that  it  can  be  retain'd 
41 241,  by  Gravity  *  This  Motion  is  difturb'd  by  the 
320^  Adion  of  the  Sun,  and  the  Orbit  is  more  convex  in 
1 3  op  the  Quadratures  than  in  the  Syzygies.  The  Con¬ 
vexity  of  a  Curve,  which  a  Body  defcribes  by 
a  central  Force,  is  fo  much  the  greater,  as  the 
central  Force  does  more  flrongly  every  Moment 
turn  the  Body  out  of  the  Way;  it  is  alfo  the 
greater,  the  more  (lowly  the  Body  moves;  be- 
eaufe  the  central  Force  acting  the  longer,  has  a 
greater  Effe&  in  infk&ing  the  Way  of  the  Bo¬ 
dy.  From  contrary  Caufes  the  Convexity  of  the 
Curve  is  diminifh'd.  Both  concur  ia  increafing 

the 
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the  Convexity  of  the  Orbit  in  the  Quadratures,**  *3°3 
and  diminishing  it  in  the  Syzygies.*  *1304 

From  this  it  follows,  that  the  circular  Figure  i^io 
of  the  Moon’s  Orbit  is  changed  into  an  Oval, 
vvhofe  greater  Axis  goes  thro’  the  Quadratures ; 
fo  that  the  more  convex  Parts  are  in  the  Qua¬ 
dratures.  Wheretore  the  Moon  is  lefs  diftant  from 
the  Earth  at  the  0)2 ~ygiesy  and  more  at  the  Quadra¬ 
tures  ;  and  it  is  no  Wonder  that  the  Moon  comes 
tovvards  the  Earth,  when  its  Gravity  is  dimi- 
nilh’d  ;  becaufe  the  Accefs  is  not  the  immediate 
Effed  of  this  Diminution,  but  of  the  Inflexion 
of  the  Orbit  towards  the  Quadratures. 

The  Motion  of  the  Moon,  taking  away  the 
Action  of  the  Sun,  is  not  in  a  Circle,  but  in  an 
Ellipfe,  one  of  whofe  Foci  coincides  with  the 
Center  of  the  Earth;*  for  the  Orbit  of  the  *9*7» 
Moon  is  Excentric,  and  it  is  retain’d  in  it  by 
the  Force  of  Gravity. 

Therefore  what  has  been  demonflrated  can¬ 
not  be  exactly  applied  to  the  Moon’s  Motion ; 
for  as  the  Forces  which  generate  the  Deviations 
explain’d,  do  really  ad  upon  the  Moon,  the  El¬ 
lipfe,  which  the  Moon  would  defcribe  if  the  Sun 
was  taken  away,  is  chang'd,  and  cater  is  paribsu,  i^n 
the  Propofitions  of  N°  1309,  1310.  may  be  applied 
to  the  Moon  s  Motion. 

In  the  Quadratures  and  Syzygies,  the  difturbing  1312 
Force  ads  in  the  fame  Line  as  the  Force  of 
Gravity  towards  the  Earth ;  therefore  the  Force  *  1286 
wiiich  continua  ly  ads  upon  the  Moon,  and  re- 
tains  it  in  its  Orbit,  is  direded  towards  the  1 
Center  of  the  Earth,  and  the  Moon  defcnbes  Area's 
by  Lines  draun  to  the  Center  of  the  Earth,  proportio¬ 
nal  to  the  ‘Times*  *  215 

Plate  XXV.  Fig.  1.]  In  other  Points  of  the  Or -  1313 
li; ,  as  F,  befides  the  Force  which  ads  in  the 
Line  FT,  there  is  alio  another,  vvhoie  Dire- 

2  dion 
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*j3oi<5h*on  is  perpendicular  to  FT/  which  is  here 
reprefented  by  F  P :  The  Dire&ion  of  the  Force 
compounded  of  both  is  directed  fomething  fide- 
wife  to  the  Line  F  T,  and  does  not  tend  to  the 
* 1 9°  Center  of  the  Earth  /  wherefore  the  Areas ,  by 
Lines  drawn  to  the  Center  of  the  Earthy  are  not  ex - 
*226  artly  proportional  to  the  'Times*  In  the  O&ants, 
F  P  is  the  greateft  of  all  ,*  and  the  Force  which 
is  reprefented  by  that  Line,  is  to  the  Gravity  of 
the  Moon  towards  the  Earth,  in  that  Point,  in 
the  Mean  Diftances  of  the  Sun  and  Moon,  as  1 
*i3o6to  up, 49*  Wherefore  the  Direction  of  the 
*3^7  Force,  compounded  of  the  A&ions  of  the  Sim 
and  Earth  upon  the  Moon,  makes  an  Angle  of 
above  half  a  Degree  with  the  Line  FT. 

The  Motion  of  the  Moon  is  fubjedi  to  feve- 
ral  other  Irregularities  •  fo  that  it  defcribes  a 
Curve  wholly  irregular,*  which  Afironomers ,  in 
order  to  fubjedt  it  to  the  moll:  exadt  Computa- 
ij^tions  that  can  be  made,  do  reduce  to  an  Ellipfe  t 
which  they  conceive  to  be  agitated  by  various  Motions , 
and  alfo  to  be  changeable ,  leaft  the  Moon  Jhould  go  out 
of  it . 

In  refpedl  to  central  Forces  we  have  obferv’d, 
that  a  Body  does  not  defcribe  an  Ellipfe,  if  the 
central  Force  by  which  it  is  retain'd  in  its  Or¬ 
bit,  decreafes  in  any  other  Ratio  than  the  In- 
verfe  Ratio  of  the  Square  of  the  Diftance  ;  but 
that  the  Curve  may  be  often  reduced  to  a  move- 
*  243  able  Ellipfe  :*  Concerning  which  it  is  to  be  ob- 
13 1 5 fervid,  that  the  Ellipfe ,  in  that  Motion,  turns 
about  one  of  its  Foci ,  and  the  Motion  of  the  Ellipfe  is 
diverted  the  fame  Way  as  the  Motion  of  the  Body  in 
13  1 6ity  when  the  central  Force  decreafes  f after  than  in  the 
lnverfe  Ratio  of  the  Square  of  the  Diflance.  But  if 
the  central  Force,  decreafes  flower ,  as  you  recede  from 
the  Center ,  the  Ellipfe  is  carried  the  contrary  jf/ay  ; 
as  thefe  Things  may  be  demonftrated  Mathe- 
maticaliy.  Hence 
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Hence  it  follows,  that  the  Orbit  of  the  Moon 
cannot  be  referr’d  to  an  Elliptical  Orbit,  unlefs 
you  fuppofe  it  agitated  by  four  Motions  every 
Revolution ;  that  is,  unlefs  the  Line  of  the  Ap- 
fides,  which  goes  thro5  the  Center  of  the  Earth, 
goes  forwards  twice,  and  backwards  twice. 

Nhe  Apfides  of  the  Moon  go  forward  when  the  i^ij 
Moon  is  in  the  Syzygies ,*  or  rather  whilft  the 1315 
Moon  moves  between  the  Points,  which  are  I298 
54  Deg.  44  Min.  diftant  from  them."  In  the*  1307 
Quadratures ,  and  between  the  Points  diftant 
trom  them  35  Deg.  16  Min.  the  Apfides  go  back- 1318 
wards ,  that  is,  move  in  Antecedentia .*  *  1316 

The  Forces  upon  which  the  Progrefs  and  Re-  l29° 
j  grefs  of  the  Apfides  depend,  are  the  Forces  which  1307 
1  difturb  the  Motion  of  the  Moon,  which  have1 

Ibeen  before  explain’d  ;  therefore,  ftnce  the  di- 
fturbing  Force  in  the  Syzygies,  is  double  the 
i  difturbing  Force  in  the  Quadratures;*  the  Pro-*u96 
j  grefs,  confidering  one  entire  Revolution  of  the  Moon , 
j  exceeds  the  Regrefs ,  cater  is  paribus . 

In  a  Circle  whofe  Center  is  in  the  Center 
j  of  the  Forces,  the  Diminution  of  the  Force, 
i  in  receding  from  the  Center,  produces  no  Ef- 
I  fedt;  becaufe  in  fuch  a  Line  the  Body  does  not 
{  recede  from  the  Center  ;  therefore  the  Effetft  of 
j  this  Diminution  is  fo  much  the  greater,  as  the 
)  Curve  defcrib’d  by  the  Body  differs  more  from 
]  fuch  a  Circle.  > 

In  an  Elliptic  Orbit,  one  of  whofe  Foci  co-j^a 
i  incides  with  the  Center  of  the  Forces,  the  Cur- 
1  vature  in  the  Apfides  differs  moft  of  all  from  fuch 
i;  a  Circle,  and  the  Effetl  of  the  Diminution  of  the 
ii  Force ,  in  receding  from  the  Center  of  the  Forces ,  is 
I  the  greatefl  of  all.  If  this  Orbit  is  but  a  little  Ex-  1321 
1  centric  at  the  Ends  of  the  lejfer  Axis ,  the  Ellipfe 
i  differs  very  little  from  the  Circle  above-men- 
1  tionM,  and  the  Efftft  of  the  Diminution  is  the  leafl 
,3  of  all.  The 
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1322  The  Progrefs  and  Regrefs  of  the  Apfides  depend 
upon  the  Proportion,  according  to  which  the 
Force  of  Gravity  decreafes,  receding  from  the 

*1315;  Center  of  the  Earth;*  it  is  therefore  the  Effect 
*3* 6  of  the  Diminution  of  the  Central  Force . 

1323  Plate  XXV.  Fig .  2.]  This  Motion  of  the 
Apfides,  which  we  have  explain’d,  undergoes 
feveral  Changes;  the  Apfedes go  forward  fafleft  of 

*  *'*l7  all  in  a  Revolution  of  the  Moony  fuppojing  the  Line 
1^*0  °f  tte  Ap  fides  in  the  Nodes  ;  *  and  in  that  very  Cafe 

*  1}  1 3  they  go  back  the  floweft  oj  all  in  the  fame  Revolution ,* 
1  j  it  becaufe,  by  reafon  of  the  fmall  Excentricity  of  the 

1 3  * a  Moon,  the  Quadratures  are  but  very  little  diftant 
from  the  Ends  of  the  lefler  Axis  of  the  Orbit. 

1324  Suppofing  the  Line  of  the  Apfides  to  be  in  the  Qua* 

*  1317  draturesy  the  Apfides  are  carried  in  Confequentia, 
J312  the  leafl  of  all  in  the  Syzygies  ;*  but  they  return  the 
*i*isfw*ftefi  *n  Quadratures  ;*  and ,  in  this  Cafe ,  in 

1323  one  entire  Revolution  of  the  Moony  the  Regrefs  ex - 
1320  ceeds  the  Progrefs. 

1325  Whilft  the  Earth  is  carried  along  in  its^Or- 
bit,  the  Line  of  the  Apfides  does  fucceffively 
go  thro’  all  Situations  in  refpeft  of  the  Sun ; 
wherefore,  confidering  a  great  many  Revolutions  of 

**319  the  Moon  taken  together ,  the  Apfides  go  forwards  ;* 
and  it  is  plain  from  Obfervations,  that  in  the 
Space  of  about  eight  Years,  the  Line  of  the  Ap¬ 
fides  performs  one  entire  Revolution. 

We  have  alfo  faid  that  the  Excentricity  of  the 
Orbit  is  not  confiant. 

1326  The  Excentricity  oj  a  Body  is  increas* dy  if  the  cen¬ 
tral  Forcef  the  Diminution  being  continued,  de¬ 
creafes  fajler  than  bejorey  whilft  the  Body  is  car¬ 
ried  from  the  lower  to  the  upper  Apfis ;  for 
then  it  is  every  Moment  lefs  attra&ed,  than  if 
the  Force  did  not  decreafe ;  and  therefore  it  re¬ 
cedes  the  more»  The  Excentricity  of  the  Orbit 
is  alfo  thereby  encreas’d*  in  the  fame  Cafe,  in 
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the  Motion  from  the  upper  to  the  lower  Apfls; 
becaufe  in  this  Cafe,  coming  cowards  the  Cen¬ 
ter,  the  Force  encreafes  fo  much  the  fader,  as 
the  Body  defeends  more  towards  the  Center; 
fo  that  in  each  Cafe,  the  Difference  between 
the  greated  and  lead  Didance  from  the  Center 
of  the  Forces,  may  become  greater,  and  the 
Excentricity  be  thereby  ericreas’d.  By  the  fame  1527 
Reafoning  it  appears,  that  the  Excentricity  is  di - 
minijh’d,  when  the  central  Force  is  increas  d,  in  the 
Motion  of  the  Body  from  the  lower  to  the  up¬ 
per  Apds;  and  likewife  when  that  Force  is  di- 
minifli’d  in  the  Motion  from  the  upper  Apfis  to 
the  lower  ;  that  is,  when  it  decreases  more  flowly 
than  before ,  in  receding  from  the  Center .  .  . 

Applying  this  to  the  Moon’s  Motion,  it  ap-132^ 
pears,  that  the  Excentricity  of  the  Orbit ,  every  Re - 
*2 solution,  undergoes  various  Changes,  fihat  it  is  the  1^2^ 
greateft  of  all,  when  the  Line  of  the  Apfides  is  in  the 
Sy&ygies;  becaufe  the  Forces  in  the  Apfides  be¬ 
ing  compar’d,  do  decreafe  fader  than  in  an  in- 
verfe  Ratio  of  the  Square  of  the  .Diftance,**  1298 
whence  this  Addition  follows,*  which  prevails*  1326 
in  this  Pofition  :*  But  the  Orbit  is  the  leaft  Ex-*  13*0 
centric  of  all,  when  the  Line  of  the  Apfides  is  in  the 
Quadratures ,  the  Diminution  of  the  Excentricity^ 

prevailing*  .  _ 

We  have  faid  that  the  Moon  moves  in  a  Plane  ft  ' 

inclin’d  to  the  Plane  of  the  Ecliptic  ;  that  the 
Line  of  the  Nodes  is  carried  round  in  Antecedent 
tia  j*  and  that  the  Inclination  of  the  Orbit  is 
not  condant;*  thefeEffeas  are  deduc’d  from  the  *  9*9 
Aaion  of  the  Sun  and  the  Moon.  ^ 

By  reafon  of  the  fmall  Inclination  of  the  Moon  S 
Orbit,  the  Forces  which  we  have  hitherto  con- 
fider’d  ading  in  the  Plane  of  the  Ecliptic,  not  re¬ 
garding  the  Inclination  of  the  Orbit,  may  (with¬ 
out  any  fenfible  Error)  be  referr’d  to  the  Plane 

VoL.II.  s  ■  of 
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of  the  Orbit ;  and  the  Moon  in  it  is  fubjeft  to 
1 3  30  the  Motions  before  explain’d  :  But  there  is  a  Force 
which  removes  the  Moon  from  the  Plane  of  the  Or - 
‘‘31 4 hit  •*  fo  that  we  mull  conceive  that  Plane  to  be 
agitated,  otherwife  the  Moon  wou’d  go  out  of 
the  Orbit.  ~ 

1331  Plate  XXV.  Fig.  i.J  Let  the  Moon  be  at  Fj 
if  we  attend  to  what  has  been  faid  above  con- 
"nsjcerning  the  Action  of  the  Sun,*  it  is  plain,  that 
the  Plane  of  the  Parallelogram  F  H  M  I  goes 
thro’  the  Line  T  S,  which  joins  the  Centers  of 
the  Earth  and  Sun  ;  and  therefore  it  is  in  the 
Plane  of  the  Ecliptic  ;  fo  that  the  Point  N,  to 
which  is  directed  the  Force  FN,  difturbing  on 
account  of  the  Action  of  the  Sun,  is  in  that 
Plane. 

S3 3 2  Plate  XXV.  Fig.  4.]  Let  this  fame  Force  be 
reprefented  by  F I ;  at  F  let  F  R  be  rais’d  per¬ 
pendicular  to  the  Plane  of  the  Orbit,-  and  ima¬ 
gine  the  Parallelogram  FRG,  whofe  Side  F i 
is  in  the  Plane  of  the  Orbit,  and  whofe  Diago¬ 
nal  is  F I ;  the  difturbing  Force  along  F I  is  re- 
lolv’d  into  two,  in  the  Directions  F  R  and  F  i 
'  ,92  which  thele  Lines  reprefent,*  and  of  which  this 
laft  ads  in  the  Plane  of  the  Orbit :  So  that  we 
muft  refer  to  this  what  relates  to  the  difturbing 
Force,  of  which  we  have  treated  in  N°  1 200  ■ 
for  the  Lines  F  i  and  F I  fcarce  differ,  and  the 
Plane  of  the  Parallelogram  F  R I  i  is  perpendi¬ 
cular  to  the  Plane  of  the  Moon’s  Orbit. 

*333  The  Line  FR  muft  be  determin’d,  which  re- 
prefents  the  Force  that  aCts  perpendicular  to  the 
Plane  of  the  Orbit,  and  removes  the  Moon 
from  that  Plane ;  now  the  Relation  of  the  Line 
F  R  or  I  i  to  the  Radius  E  T,  is  the  Ratio  of 
the  difturbing  Force,  which  is  fpoken  of  here 
•.2>'  1 10  t. ie  Enereafe  of  Gravity  in  the  Quadratures*. 


Book  IV.  of  Natural  Philofophy .  259 

In  the  Cafe  of  this  Figure,  in  which  the  Line  1334 
of  Nodes  Nh  is  in  the  Quadratures,  we  find 
out  F  R ;  becaufe  1 T  (  which  is  N  T  of  Fig.  1.) 
is  given,*  and  becaufe  I  T  is  to  I  /,  or  to  F  R,*  13c  J 
as  the  Radius  to  the  Sine  of  the  Inclination  of 
the  Orbit. 

But  in  every  Cafe  the  Force  muft  be  determin’d,  133$ 
which  drives  the  Moon  out  of  the  Plane  ;  let  us 
therefore  fuppofe  the  Line  of  Nodes  carried  to 
the  Situation  M«,  whereby,  every  thing  elfe 
remaining  as  before,  I  i  is  chang’d.  To  M  7» 
continued,  if  need  be,  let  iX  and  IX  be  drawn 
perpendicular,  which  make  an  Angle  equal  to 
the  Inclination  of  the  Plane  of  the  Orbit. 

The  Ratio  between  ET  and  I  i;  that  is,  133^ 
the  Ratio  between  the  Addition  of  Gravity  in  the 
Quadratures ,  and  the  Force,  which  we  feek,  which 
removes  the  Moon  out  of  its  Orbit ,  is  compounded 
of  the  Ratio’s  of  the  Line  ET  to  T  I,  of  the 
Line  T  I  to  I  X,  and  laftly  of  the  Line  I  X  to 
I/.  The  firft  is  the  Ratio  between  the  Radius 
and  three  times  the  Sine  of  the  Diftance  of  the 
Moon  from  the  Quadrature  ;*  the  fecond  is  the*  J30J 
Ratio  of  the  Radius  to  the  Sine  of  the  Angle 
ITX,  that  is  of  the  Diftance  of  the  Node  from 
the  Syzygy  ;  Laftly ,  The  third  is  the  Ratio  of 
the  Radius  to  the  Sine  of  the  Inclination  of  the 
Orbit :  And  the  Ratio  compounded  of  thefe,  is 
the  Ratio  of  the  Cube  of  the  Radius  to  three  times  the 
ProduB  of  the  Sines  of  the  Diflances  of  the  Moon 
from  the  Quadrature ,  and  of  the  Node  from  the  Sy - 
z,)gy ,  as  alfo  of  the  Inclination  of  the  Plane.  To 
this  Force  alfo  is  to  be  referr’d  N°  1308. 

This  Force  vanifhes  in  the  Quadratures ,  becaufe  1337 
the  Point  I  coincides  with  the  Point  T,  which 
is  the  Center  of  the  Earth,  and  the  Line  I  i  va¬ 
nifhes  •  the  Lines  F  I  and  F  i  concurring  in  the 
Plane  of  the  Orbit,  which  alfo  follows  from 
the  Computation  above-mention’d  f  the  Sine  oVittf 
Voi*.  It.  £  t  the 
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the  Defiance  of  the  Moon  from  the  Quadrature 
vamfhing,  atld  confequently,  the  whole  Product 
which  is  multiplied  by  that  Sine. 

That  fame  .Product  vanifhes  alfo,  and  with  it 
the  Force  which  it  reprefents,  when  the  Sine  of 
the  Diftance  of  the  Node  from  the  Syzygy  va- 
nifhesy  that  is,  fuppofing  the  Line  oj  Nodes  in  the 
Syzygies^i  It  is  alio  deduced  from  this,  that  the 
Line  of  Nodes  N  n  ( Plate  XXV.  Fig.  5.)  conti¬ 
nued  goes  thro'  the  Sun,  wherefore  the  Sun  is  in 
the  Plane  of  the  Orbit  itfelf,  and  therefore  can¬ 
not  draw  the  Moon  but  in  that  Plane. 

13  39  Force  alfo,  which  we  examine ,  is  increas’d 

as  the  Moon  advances  towards  the  Syz,ygy ,  and  as 
«i^fithe  Node  recedes  from  it* 

1340  Flate  XXV.  Fig.  <5.]  Let  P/>  be  the  Plane  of 
the  Ecliptic,  PA  the  Orbit  of  the  Moon  ,*  when, 
the  Moon  is  come  to  A,  that  i$,  is  receded  a 
little  from  the  Node,  it  is  removed  out  of  the 
Plane  oi  the  Orbit,  and  in  the  fecond  Moment 
it  is  not  earned  along  AB  ( the  Continuation  of 
the  Orbit  PA)  but  along  Ah  •  becaufe  it  comes 
towards  the  Plane  of  the  Ecliptic  along  Eh; 
therefore  it  is  mov’d  as  if  it  came  from  a  more 

1341  diftant  Node/*.  Whence  it  appears,  that  the  Nodes 
go  backward ,  whilft  the  Moon  moves  in  its  Orbity  as 
long  as  it  recedes  from  the  Node:  The  Nodes 
alfo  go  back  whilft  the  Moon  is  going  to  the  op¬ 
posite  Node,-  becaufe  as  the  Moon  is  continually 
driven  out  of  its  Orbit  towards  the  Plane  of  the 
Ecliptic,  it  is  continually  dire&ed  to  a  Point  lefs 
diftaot,  and  comes  fooner  to  the  Node,  than  if 
not  being  agitated  by  fuch  a  Motion,  it  had 
continued  in  Motion  with  the  fame  Celerity, 

134^  Con  fid er  mg  one  entire  Revolution  of  the  Moon , 
cseteris  paribus,  the  Nodes  ?nove  in  Antecedentia 
1 3 39 oy  all ,  when  the  Moon  is  in  the  Syz.ygies  f 
then  (lower  and  flower ,  till  they  are  at  reft,  when  the 
**3,37  Moon  is  in  the  Quadratures  *  " 


Whilft 
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WhLft  the  Earth  is  carried  round  the  Sun 
(even  when  we  don’t  attend  to  the  above-men- 
tion’d  Motion  of  the  Nodes)  the  Line  of  Nodes  134$ 
does  fuccefTively  acquire  all  poflible  Situations 
in  refped  of  the  Sun  ;  and  every  Tear  goes  twice 
thro*  the  Syzygies^  and  twice  thro  the  Quadratures . 

Ij  now  we  conjider  fever al  Revolutions  of  the  1344 
Moon ,  the  Nodes  in  one  whole  Revolution  go >  back  * 
very  f aft,  the  Nodes  being  in  the  Quadratures ;  *  then  *  *33 9 
flower^  till  they  come  to  Reft ,  when  the  Line  of  Nodes . 

is  in  the  Syz,ygies*  .  13 

By  the  fame  Force  with  which  the  Nodes  are  1345 
mov'd,  the  Inclination  of  the  Orbit  is  alfo  chang’d ; 
it  is  encr eas'd  as  the  Moon  recedes  from  the  Node  ; 
and  diminifh'd  as  it  comes  to  the  Node. 

Plate  XXV.  Fig.6.~]  For  the  Angle  b  p  L1346 
is  lefs  than  the  Angle  A  P  L,  and  for  the  fame 
Caufe  it  is  continually  diminifh’d,  and  the  Incli¬ 
nation  becomes  greater ;  but  when  the  Moon 
is  come  to  the  greateft  Diftance  from  the  Plane 
of  the  Ecliptic,  and  is  going  towards  the  oppofite 
Node,  the  Direction  of  the  Moon  is  continually 
inflefted  towards  thePUne  of  the  Ecliptic, and  lets 
inclin’d  to  it  than  if  it  continu’d  in  Motion  in  its 
Orbit  :  Let  N  pn  be  the  Plane  of  the  Ecliptic  ; 
the  Curve  N  n  the  Orbit  of  the  Moon  ;  by  he 
Force  whereby  the  Moon  is  continually  removed 
out  of  it,  the  Way  of  the  Moon  is  chang’d, 
and  it  goes  in  the  Curve  N  p,  which  is  more 
inclin’d  to  N  pn  at  N  than  at  p;  fo  that  we 
muft  conceive  the  Inclination  of  the  Plane  ot  the  ^ 
Orbit  to  be  twice  chang’d,*  whiift  theMocn*3H4 
moves  from  one  Node  to  the  other  ;  therefore 
this  happens  four  times  in  each  Revolution  of  the  1 3 47 
Moony  it  is  twice  dimtnijb’d,  and  twice  again  encreas’d. 

Plate  XXV.  Fig.  4-]  Suppofmg  the  Nodes  N  »,  134* 
fo  be  in  the  Quadratures ,  the  Forces  which  in  one 
Revolution  encreafe  the  Inclination ,  and  diminifh  it, 

are  equal  to  one  another ;  for  by  reafon  of  the 

S  *  equal 
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equal  Diflance  of  each  Node  from  the  Syzy gies 

e,  ^ces  that  change  the  Inclination  at  N  D 

f  ,  and  "E.are  e<lual  to  the  Forces  in  the  correfpon- 
'  »33<sdenc  Points  in  the  Arcs  D  »  and  E  N  •  *  b/the 

former  the  Inclination  is  encreas’d,  by" the  latter 

i  ■  a*  Diminution  „7  the An, Z 
ot  Inclination  on  account  of  the  firft  is  reftor’d 

,  b/  th,j  the  fecond,  and  here  it  is  not 

13,3  <-hang  d  In  the  Motion  above-mention’d*  of  the 
Line  of  Nodes  in  refpeft  of  the  Sun,  which 

theP  Node  PNn  th£  Paralld  SitUaCion  of  Ais  Line, 
the  Node  N  is  carried  to  the  Syzygy  E.  When 

(for  Ex  )  the  Line  of  Nodes  is  come  to  the  Si¬ 
tuation  M  m,  the  Moon  in  its  Recefs  from  the 
\odes  goes  thro’  the  Quadratures  N “  i„ 

’I’jTvanflhe?*  fSf*  Cuhanges  the  Inclination 

’  r&bu  t  rr.  *  Wj,ch  IC  is  fhe  leaft  of  all 

but  in  coming  towards  the  Nodes,  the  Moon 

is  every  where  diflant  from  the  Quadratius 

1 3  36 and  a  g-eater  Force  ads  upon  it^  therefore 

T  ™theRevolut,on>  the  Increafe  of  the 
v4)An-ie  of  Inclination  exceeds  its  Diminution  •* 

t  at  is  that  Angle  is  encreas’d,  or,  which  is  the 

tv™’  t  dimini^d  >  which  obtains 

oW~7  w  fhe  Motion  of  the  Nodes  from  the 
iJuadt  atures  to  the  Syzygtes . 

S3  50  When  the  Nodes  are  come  to  the  Syzy  ties  the  Tn- 
-L^idmanon  of  the  Plane  of  the  Orbit  is  the'leafl  of  ad  ■ 
for  in  the  Motion  of  the  Nodes  from  the  sLyfes  to 
the  Quadratures,  the  Plane  of  the  Orbit  is  'conti 
nuahy  more  and  more  inclin’d  5  for  in  that  Cafe 

a,s  *5  U,oon  goes  to  the  Node,  it  palfes  thro’ 
the  Quadratures ;  in  its  Recefs  froin  them  the 

Jr,  ;ls  diftanc  from  the  Quadratures,  and  in 

■  iSEgs,’*  ytSL  :S 

the  Quad" ^  &reat  *  Nodes 

are  m  the  Quadratures ,  where  the  Diminution  of 

the 
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the  Angle  made  by  the  Plane  of  the  Orbit  with 
the  Plane  of  the  Ecliptick  is  terminated.  ,}« 

AU  the  Errors  in  the  Moons  Motion  that  we  have  3  5  3 
explain’d  are  fomething  greater  in  the  ConjunBion^  ^ 

than  in  the  Oppojition*  •>:  hvdif-1354 

All  the  dijlurbing  Forces  are  determin  d  by  dii  h* 

covering  .ire,.  Relation  with  the  AdJ.noo  of. 

Gravity  in  the  Quadratures ;  for  which  Rea  ^  ^ 

fon  theyy  all  undergo  the  fame  Changes  as  t  a  ,33<s 

Addition  does,  that  is,  they  are  overfly,  as  the 

Cube  of  the  D, fiance  of  the  Sun  from  the  Earth 

together,  the  Eflfeft  of  the  Diminution  of  Gravity.  ,3x7 
exceeds  the  Effeft  of  the  Encreafe  of  it.  w* 

Therefore  the  Motion  of  the  Moon  being  confide,  d  1^6 
in  general,  the  Gravity  of  the  Moon  towmds  J 
Earth  is  diminijh’d  coming  near  the  Sun ;  J*»ere  or  ,,y4 
when  it  is  lefs  attra&ed  by  the  Earth,  it 
more  from  it  than  it  would  recede  1 '  the re  was 
no  fuch  Diminution  of  Gravity  ;  therefore  m 
that  Cafe  the  Moon’s  Diftanee  is  encreas  d  a  .  357 
alfo  the  Periodical  Time  ■*  and  that  Time  is :  toe 
create  ft,  as  alfo  the  Diftanee  of  the  Moon  (eaterts  part-,  _ 
lus)  the  greateft,  when  the  Earth  is  in  the  Perihelion, 
becaufe  then  it  is  lead  diftant  from  the  Sun. 


3?4 


.  .CHAP.  XVII. 

Concerning  the  Figures  of  the  Planets, 

T  F  we  confider  the  Figures  of  the  Planets, 
1  we  null  find  that  they  have  fuch  Figures 
which  follow  from  thefe  very  Laws  by  w h.c^ 

b  4 


2^4 
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the  Syftem  is  governed ;  which  is  very  agreeable 
to  mat  admirable  Order  which  we  obferve  every 
where,  that  no  Forces  ad  upon  the  Planets  to 
1358  deftroy  them ;  that  is,  that  the  Figure  of  a  Planet , 
whether  it  be  a  Primary  or  Secondary  Planet ,  is  fuck 
iu  it  would  acquire ,  if  it  wholly  conjifled  of  fluid 
Matter  ;  which  agrees  with  the  Phenomena. 

*3 59  Whence  it  follows,  that  all  the  Primary  and 
Secondary  Planets  are  Spherical ;  for  they  confift  of 
•1206a  Matter  whofe  Particles  gravitate  towards  one 
*  207  another;*  from  which  mutual  Attradion  aSpherical 
Figure  is  generated  in  the  fame  Manner  as  a 
.  XL°P  becomes  round  from  another  Sort  of  At- 
34  tradion  of  the  Parts  * 

l36°  This  Spherical  Figure  of  the  Planets  is  not  clang  d 
from  their  Motion  round  the  Sun ,  or  from  the  Motion 
of  the  Secondary  Planets  about  their  Primary  ones  ; 
becaufe  all  the  Particles  are  carried  by  the  fame 
Motion :  But  this  Figure  undergoes  fome  Change 
by  the  Motion  round  the  Axis,  and  fo  much 
the  greater  as  this  Motion  is  fwifter. 

Plate  XXV.  Fig.  7  ]  Let  PP  be  the  Axis 
'  ?f  a  Planet ;  E  e  the  Diameter  of  the  ^Equator, 
perpendicular  to  the  Axis ;  let  there  be  a  Canal 
P  C  E  fill'd  with  a  Liquid  ;  this  Fluid  will  de- 
feend  by  its  Gravity  in  both  Legs  towards  C, 
and  will  not  be  at  reft  till  the  Prefllire  in  both 
Legs  be  equal.  If  the  Planet  be  at  reft,  the 
^359  Height  of  the  Fluid  in  both  Legs  will  be  equal  :* 
but  if  the  Planet  be  mov'd  about  its  Axis  P  p% 
all  the  Liquid  in  the  Leg  CE  will  endeavour  to 
* 217  recede  from  the  Center  by  its  centrifugal  Force,* 
which  Force  ads  contrary  to  Gravity,*  and 
therefore  diminifhes  the  Gravity  ;  fo  that  there 
is  no  Equilibrium  till  CE  exceeds  C  P.  Now 
if  the  Canal  be  taken  away1,  the  lateral  Preflure 
of  the  Fluid,  of^which  the  Planet  confifts,  does? 
not  change  the  Gravity  towards  C,  nor  the  Dif- 

ference 
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1  ference  between  the  Heights  of  the  Columns 
C  E,  CP;*  therefore  the  Planet  is  every  wheie’  280 
higher  in  the  ^Equator  than  in  the  Poles,  and 
acquires  by  jts  Motion  round  its  Axis ,  the  Figure  oj  136% 
a  Spheroid  deprefs’d  in  its  Poles  ;  tpr  the  Elevation 
is  continually  diminifh’d  as  you  go  towards  the 
Pole,  becaule  the  centrifugal  Force  is  diminifh’d 
i  by  realon  of  the  Diminution  of  the  Diftance 
from  the  Axis.*  *232 

If  what  has  been  demonftrated  be  compar’d 
with  the  Phenomena,  it  will  appear  why  all  the 
Bodies  ip  our  Sy lie m  are  fpherical;*  but  that*  924 
this  Figure  is  not  exa&,  but  a  little  chang’d  by 
their  Motion  round  their  Axes,*  tho’  this  can’t* 
j  be  obferv’d  in  moft  of  them,  may  be  deduc’d 
*  from  Obfervations  made  upon  Jupiter  and  the 
]  Earth.  Afironomers  have  obferv d  that  the  Axis  ofi$6$ 

I  Jupiter  is  Jhorter  than  its  /Equatorial  Diameter  ; 

altho’  this  Planet  be  the  greateft  of  all  the  Pla- 
ij  nets,  it  is  moved  the  fwifteft  about  its  Axis,**  9$* 

I  and  therefore  this  Difference  may  be  obferv’d. 

‘Ihe  Elevation  of  the  Earth  at  the  /Equator  is  1364 
!j  determiu  d  by  altho’  perhaps  to  the  Inhabi¬ 
tants  of  the  other  Planets,  if  there  are  any,  it 
i|  may  not  be  more  fenfible  than  the  Elevations  on 
'j  Mars  and  Venus  are  to  us,  which  are  fo  fmall 
|j  that  we  cannot  perceive  them. 

Suppofe  the  Earth  to  be  fluid,  it  will  acquire  13^ 
j  the  aforefaid  fpheroidical  Figure;*  if  the  Parts*  1362 
:i  cohere  towards  the  Center,  the  Pofition  of  the 
I  other  Parts  will  not  be  chang’d  thereby,  nor  will 
j  it  be  chang’d  if  in  fome  Places  the  Parts  cohere 
:r  together  quite  to  the  Surface ;  fo  that  the  Sur- 
face  of  the  Sea  muft  neceffarily  acquire  a  fphe- 
roidical  Figure  deprefs’d  at  the  Poles.  But 
fince  the  Shores  are  every  where  but  a  little  ele- 
1  vated  above  the  Surface  of  the  Sea,  it  is  certain 
1  that  the  Continent  acquires  the  fame  Figure. 

%  »  *  w 
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Now  to  meafure  this  Elevation,  that  is,  how 
much  the  Diameter  of  the^Equator  of  the  Earth 
is  longer  than  the  Axis,  we  muft  confider  its 
Motion  round  its  Axis  in  the  Space  of  23  Hours, 

*96°  5 6  Min.  4  Sec.*  and  fuppofing  the  Earth  homo¬ 
geneous,  the  Computation  will  be  made  in  the 
following  Manner. 

l$66  The  Periphery  of  the  Earth  is  1282021  8y 
Rhynland  Feet ;  therefore  in  one  Second  of  Time, 
a  Point  of  the  iEquator  goes  thro5  1488  Feet ; 
the  Verfed  Sine  of  which  Arc  is  0,054,  a  Space 
which  could  be  gone  thro*  by  a  Body  in  fuch  a 
Time  by  the  centrifugal  Force. 

By  Gravity,  a  Body,  in  one  Second,  as  we 
have  (hewn  before,  falls  thro3  15,607  Rhynland 
Feet ;  but  thefe  Experiments  were  made  at  the 
Diftance  of  48  Deg.  from  the  ^Equator  E  e ,  ( Plate 
XXV.  Fig.  7.)  at  the  Point  A,  the  centrifugal 
Force  at  E  is  to  the  centrifugal  Force  at  A,  as 

#  C  E  to  C  A,  for  thefe  Lines  are  very  little  dif- 
232  ferent  at  AB  let  this  centrifugal  Force  be 

Ab;  having  drawn  the  Perpendicular  b  a  to 
C  A  continued,  let  the  Force  thro*  A  b  be  re- 
folv’d  into  two  other  Forces  dire&ed  along  A  a 

*  J92  and  ab  ;  *  the  Gravity  is  diminifh’d  only  by  the 

former,  and  A  h  is  to  the  Force  diminifliing  it, 
as  C  A  to  A  B,  by  reafon  of  the  fimilar  rectan¬ 
gular  Triangles  kb  a  and  ABC,  which  have 
their  opposite  vertical  Angles  equal  at  A  ;  there¬ 
fore  the  centrifugal  Force  at  the  ^Equator,  with 
which  a  Body  in  one  Second  goes  thro*  o,  054  ; 
is  to  the  Force  which  diminifhes  the  Gravity  at 
A,  in  a  duplicate  Proportion  of  the  Radius  A  C 
to  AB,  which  is  the  Co-fine  of  the  Latitude 
A  E  of  48  Deg.  fo  that  from  this  diminifhing 
Force  the  Body  in  oneSecondgoes  thro*  o,  0243  * 
wherefore,  if  the  Earth  was  at  reft,  in  falling  it 
would  not  go  thro*  15,607  Feet,  but  15,632  * 

with 
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with  which  Gravity  a  Body  falls  under  the  Poles, 
becaufe  thefe  Points  are  not  mov’d.  At  the 
.Equator,  by  the  centrifugal  Force,  a  Body  goes 
thro’  o,  054.  and  falls  as  much  in  the  fame  Time 
from  the  Height  of  15,578  Feet;  whence  it 
appears  that  the  Gravity  under  the  Poles,  is  to 
the  Gravity  under  the  Equator,  as  289  to 
288. 

It  Fig.  7.  reprefents  the  Figure  of  the  Earth, 
the  Weight  of  a  Column  of  Liquid  C  E  will  be 
to  the  Weight  of  a  Column  of  Liquid  C  A,  the 
Earth  being  at  reft,  as  289  to  288  ;  for  otherwife, 
the  Earth  moving,  there  will  not  be  an  JEquihbri- 
um ;  becaufe  rJj  of  the  Column  CE  is  fuftainM  b  r 
the  centrifugal  Force  ;  for  the  centrifugal  Force 
decreafes  as  you  come  towards  the  Center,  in  the 
Ratio  of  the  Diftance,*  in  which  Ratio  alfo  the*  232 
Gravity  decreafes  •*  fo  that  in  all  the  Points  of*  1233 
the  Column  the  fame  Part  of  the  Weight  is  fu- 
ftair/d  as  towards  the  Surface. 

Whence  we  deduce,  that  the  Height  CP  at  the  1367 
Tole ,  is  to  the  Height  E  C  at  the  JEquator^  as  229 
to  230  ;  for  fuppoftng  this  Ratio  between  the 
Axis  and  the  Equatorial  Diameter,  if  a  Com¬ 
putation  be  made  of  the  Gravities  in  the  Places 
P  and  E,  the  Earth  being  at  reft,  they  are  found 
to  be  to  one  another  as  1121,71.  to  1120,71.  ; 
which  Ratio  obtains  every  where  in  correfpon- 
dent  Points,  that  is,  which  are  diftant  from 
the  Center  as  C  P  to  P  E  ;  becaufe  in  both  Legs 
the  Gravity  decreafes  in  proportion  to  the  Di- 
ftance  from  the  Center*  You  have  the  Weight* 
by  multiplying  the  Quantity  of  Matter  by  the 
Gravity  ;  for  the  Weight  encreafes  in  a  Ratio 
of  both  :  By  multiplying  1121,71.  by  229.  and 
1120,71.  by  230.  the  Produ&s  are  to  one  ano¬ 
ther  as  288  to  289  ;  which  is  the  Ratio  of  the 
Weights  before  difcover’d.  The  mean  Diameter 

of 
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*  91^  Earth  is  3400669  Perches,*  therefore  the 

Axis  P  P  is  3393261,  and  the  Equatorial  Di¬ 
ameter  E  e  is  3408078  Perches,  which  exceeds 

1368  the  Axis  by  14817  Perches,  (viz.)  ¥f0,  and  the 
JEquator  is  more  elevated  by  740835. 

1 369  In  this  ^Computation,  as  we  have  faid,  we 
hav^  lookd  upon  the  Earth  as  homogeneous  1 
but  if  it  be  more  denfe  towards  the  Center,  the 
flatter  which  is  added  to  it  may  be  look’d  upon 
as  a  feparate  Body,  from  whofe  Center  the 
Points  P  and  E  are  unequally  diftant,  and  to¬ 
wards  which  therefore  the  Bodies  P  and  E  have 

!  1226a  different  Gravity  ;*  and  the  Difference  is  fo 
Kiuch  the  greater  as  thefe  Differences  are  greater ; 
and  it  will  be  alfo  fo  much  the  greater  in  refpe£fc 
of  the  whole  Gravity,  as  the  Quantity  of  Matter 
which  is  added,  or  which  is  the  fame,  as  the 
Denfity  is  greater  towards  the  Center  is  greater. 

It  is  plain  that  the  Forces  of  Gravity  at  the 
Poles  and  the  Equator  differ  from  one  another 
more  than  rr»  Part,  by  comparing  togetherExperi- 
ments  made  at  feveral  Diftances  from  the  Equa- 
tor,  by  the  Help  of  Pendulums,  by  which  the 
Forces  of  Gravity  may  be  compar’d  together, 

*  164  as  we  have  fhewn  and  which  Difference  is  truly 
15  nearly  double  that  which  is  found  by  Computa- 

1 3  70  non;  whence  it  follows,  that  the  Elevation  of  the 
JEquator  is  nearly  double  that  which  we  have  de- 

*  136  Stermind  to  be  7408,5.  Perches .* 

Now  if  we  confider  the  fpheroidical  Figure 

1371  of  the  Earth,  we  {hall  fee  that  heavy  Bodies  dont 
tend  direPUy  to  the  Earth*  s  Center,  unle fs  at  the 
Poles  and  the  .Equator,  but  every  where  perpeyi - 
diculavlf  to  the  Surface  of  the  Spheroid  j  for  a 
Liquid  will  not  be  at  reft  unlefs  its  upper  Surface 
forms  a  right  Angle  with  the  Diredion  of  heavy 

.272  Bodies  i  *  and  the  Figure  of  a- Spheroid  is 
form  4  by  the  Surface  of  a  quiefcent  Fiuid.  We 
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alfo  deduce  this  Dire&ion  of  heavy  Bodies  from  1372 
the  centrifugal  Force,  (  Plate  XXV.  Fig.  7.)  The 
Body  A,  by  its  Gravity,  tends  towards  C,  and 
is  carried  by  its  centrifugal  Force  along  A  b  ; 
this  Force  at  the  Point  A  is  to  the  Gravity 
along  AC,  as  1  to  430,8.  having  formed  a  Pa¬ 
rallelogram  with  the  Sides  Ac  and  A  b>  fuppofing 
thefe  to  one  another  as  430,8.  to  1,  the  Diago¬ 
nal  will  fhew  the  Dire&ion  of  heavy  Bodies,*  *  190 
forming  a  imall  Angle  with  the  Line  AC.  The 
Force  along  kb  encreafes  as  you  go  towards 
the  ^Equator,  whereby  this  Angle  is  increas’d, 
but  is  diminifhed  by  the  Encreafe  of  the  Angle 
C  A  b  ;  fo  that  in  the  ^Equator,  where  the  cen¬ 
trifugal  Force  is  greateft,  the  Direction  of  hea¬ 
vy  Bodies  coincides  with  EC,*  at  the  Pole  it 
coincides  with  P  C  ;  becaufe  there  is  no  centri¬ 
fugal  Force  there. 

In  this  fpheroidical  Figure,  the  Latitude  of  the  1375 
Place  is  determined  by  an  Angle ,  as  ACE,  which 
is  made  with  the  JEquator>  by  a  Line  drawn  from 
the  Place  to  the  Center ,  Dividing  this  whole  Arc 
PA  E,  by  this  Method,  into  90  Parts,  that  is, 
into  Degrees,  it  will  eafily  appear,  that  going  137  q 
towards  the  Poles ,  the  Degrees  are  encreas’d  on  the 
Surface ;  but  this  Difference  is  fo  very  fmall, 
that  in  meafuring  Degrees  that  are  not  very  di- 
ftant,  it  cannot  be  difcover’d  ;  becaufe  the  Er¬ 
ror  arifing  from  the  Make  and  Ufe  of  the  In- 
ftruments,  exceeds  this  Difference.  Whence  De¬ 
grees  meafur’d  at  the  South  and  North  of  France , 
as  alfo  in  England ,  differ  little  from  one  another, 
and  the  middle  one  is  the  lead  of  all ;  wherefore 
nothing  can  be  concluded  concerning  the  Earth* s  Fi- 1 375 
gure  jrom  thefe  Meafures. 
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CHAP.  XVIII. 

The  Phjficai  Explanation  of  the  Motion  of 
the  Axis  of  the  Earth. 


* 


THAT  the  Nodes  of  the  Moon  go  back, 
that  is,  are  mov'd  in  Antecedentia*  and 
that  the  Inclination  of  its  Orbit  is  liable  to 


*347 Change/  we  have  already  demonftrated  •  let 
us  conceive  feveral  Moons  to  be  at  the  fame 
Diftance,  revolving  in  equal  Times  about  the 
Earth,  in  a  Plane  inclin'd  to  the  Plane  of  the 
Ecliptic  ,*  it  is  plain  they  will  all  be  agitated  by 
the  fame  Motions:  Let  us  conceive  the  Num¬ 


ber  of  the  Moons  to  be  encreasM,  fo  as  to  touch 
one  another,  and  form  a  Ring,  whofe  Parts  co¬ 
here  ;  whilil  one  Part  of  the  Ring  is  attra&ed, 
to  encreafe  the  Inclination,  the  other  Part  is 

*  3  agitated  by  a  contrary  Motion  to  diminilh  its 
*345  Inclination  ;*  the  greater  Force  in  this  Cafe  pre- 

1377  vails,  that  is,  in  the  Motion  of  the  Line  of  Nodes , 
from  the  Quadratures  towards  the  Syzygies ,  the  In- 
¥  clination  of  the  Ring  is  diminijh* d  in  each  of  its  Revo - 
filiations  ;*  and  it  is  the  leaft  of  aUy  v)hen  the  Line  of 
*15° Nodes  is  in  the  Syzygies .*  On  the  contrary,  its 

*  Inclination  is  encreas  d  when  the  Line  of  Nodes  is 
1 3  5*  carried  from  the  Syzygies  towards  the  Quadratures  ;* 

*37 %  and  it  ts  the  greateft  of  all ,  when  the  Line  of  the 
*I3Ja Nodes  is  in  thefe  loft*  fhe  Line  of  the  Nodes  is 
1341  continually  carried  in  Antecedentia,  unlefs  when  it 
*344  is  at  reft  in  the  Syzygies* 

1379  If  the  Quantity  of  Matter  in  the  Ring  he  dimi - 
nifh  dy  its  Motions  will  not  he  chang  d ;  becaufe  they 

*  depend  upon  Gravity,  which  adts  equally  upon 
-  i027every  Particle  of  Matter.* 
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If  the  Diameter  of  the  King  be  diminifh9  d,  thefei^o 
Motions  are  diminifli’d  in  a  Ratio  of  this  Di¬ 
minution,*  but  none  of  them  wholly  vanifli 1354 
and  it  is  agitated  by  the  fame  Motions . 

Let  us  conceive  the  Earth  to  be  fpherical;  1381 
and  in  the  Plane  of  the  Equator,  which  makes 
an  Angle  of  23  Deg.  29  Min.  with  the. Plane  of 
I  the  Ecliptic,  let  there  be  a  Ring,  revolving  in 
the  fame  Time  as  the  Earth;  let  it  be  dimi- 
nifh’d  fo  as  to  touch  the  Earth,  and  cohere  with 
it  •  by  this  the  aforefaid  Motion  of  the  Ring 
will  not  be  deftroy'd  ;  for  fince  the  Earth  is  kept 
in  a  determinate  Situation  by  no  Force,  it  yields 
to  the  Impreflions  of  the  Ring,  whofe  Agita¬ 
tions  are  yet  diminifh’d,  the  Matter  to  be  mov'd 
being  encreas’d,  and  the  moving  Power  remain¬ 
ing  the  fame. 

And  this  is  truly  the  Cafe,  for  the  Figure  of 
the  Earth  is  fpherical,  encompafs'd  with  a  Ring 
at  the  Equator,  whereby  the  Earth  is  more  ele¬ 
vated  towards  the  Equator,*  the  Line  of  Nodes  "137® 
of  which  Ring,  is  the  Se&ion  of  the  Planes  of 
the  Equator  and  Ecliptic.  Whence  we  deduce 
the  following  Conclufions. 

In  the  JEquinoxes ,  the  Inclination  of  the  1382 
Equator  is  leaft  of  all  ;*  and  therefore  the  Incli-*  1377 
nation  of  the  Axis  is  the  greateft ;  for  it  makes  a 
right  Angle  with  the  Plane  of  the  EquatorV.io7$ 
The  Inclination  of  the  Equator  is  encreasM, 
that  is,  the  Inclination  of  the  Axis  is  diminifh9  d ,  till  1383 
the  Sun  comes  to  the  Solflices ,  where  this  Inclination  of 
the  Axis  is  leaft  of  all ,  and  that  of  the  Equator 
the  greateft.*  Therefore  twice  in  a  Tear  the  /»-*1377 
clination  of  the  Axis  of  the  Earth  is  diminifh  d,  and 
twice  encreasd.  And  the  Settion  of  the  Plane  of  *£*1384 
J. Equator  with  the  Plane  of  the  Ecliptic ,  which  //1385 
at  reft  in  the  JEquinoxes,  the  reft  of  the  'Time  is 
mov'd  in  Antecedentia.*  1 *'378 

a  The 
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138^  The  Plane  of  the  ^Equator  is  inclined  to  the 
Plane  of  the  Moon’s  Orbit ;  for  it  makes  a  fmali 
*969  Angle  with  the  Plane  of  the  Ecliptic:*  And 
therefore  the  Moon  ads  in  the  fame  manner  up¬ 
on  the  Ring  as  the  Sun ;  and  altho5  the  Moon 
be  lefs,  yet,  becaufe  it  is  much  lefs  diftant  than 
the  Sun,  it  exerts  a  greater  Adion  upon  the  Ring. 
Wherefore  alfo  the  Inclination  of  the  Axis  of  the 
*I384 Earth  to  the  Plane  of  the  Moon’s  Orbit*  (and 
confequently  to  the  Plane  of  the  Ecliptic )  is  twice 
chang’d  in  every  Revolution ,  and  twice  refiord  by  the 
A&ion  of  the  Moon :  And  the  Section  of  the  Plane  of 
the  JEquatory  v^ith  the  Plane  of  the  Moon’s  Or- 
*J385  bit,*  is  carried  in  Antecedentia:  From  Which 
Motion  neceffarily  follows,  that  the  Sedion  of 
the  Plane  of  the  jEquatorj  with  the  Plane  of  the 
Ecliptic  changes  its  Place . 

1388  The  Changes  of  the  Inclination  of  the  Axis  are  too 
fmali  to  be  obferved ;  but  the  Change  of  Place  of  the 

138 9  Line  of  the  Equinoxes ,  and  the  Motion  of  the  Axis 

which  follows  from  it,  being  always  carried  the 

fame  way,  at  lafi  become  fenfible  ;  and  from  thefe 

^ j 1 85 follow  the  Phenomena  before  explain’d* 

1 1 86 

- — - - - - - -V  r  "  ■■■"•  — r  ■  , 

r  -  '  I 

CHAP.  XIX. 

Concerning  the  Tides. 

That  we  may  explain  the  Tides  from 
the  Principles  already  laid  down,  we  muft 
confider,  that  the  Earth,  as  alfd  all  Bodies  near 
*iao6it,  gravitate  towards  the  Moon  •*  therefore  the 
Particles  of  Water  in  the  Earth’s  Surface,  which 
tend  towards  the  Center  of  the  Earth,  (  for  here 
we  negled  the  Confideration  of  N°  1371.)  are 
carried  with  it  towards  the  Moon.  Since  alfo 
the  folid  Mafs  of  the  Earth  is  carried  towards 
the  Moon,  according  to  the  Laws,  which  wou’d 

obtain  1 
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Obtain,  if  all  the  Matter  of  which  it  confiils^ 
was  colle&ed  in  its  Center*  ;  what  has  ken  de-  '1116 
jnonftrated  in  Chap.  1 6.  oj  the  Aclion  of  the  Sun  1390 
upon  the  Moon  tailing  towards  the  Earth,  whilfl 
with  the  Earth  it  goes  towards  the  Sun,  may  be 
applied  to  the  ABion  of  the  Moon  upon  the  Panicles 
oj  Water  in  the  Earth’s  Surface,  which  don’t  co¬ 
here  with  the  Mafs  of  the  Earth,  but  tend  to¬ 
wards  its  Center,  and  continually  with  its  Mafs 
Fall  towards  the  Moon  ;  by  which  Force,  as  we 
have  (hewn*,  the  Earth  is  kept  in  its  Orbit,  *12*0 
about  the  common  Center  of  Gravity  of  the 

Earth  and  the  Moon.  . 

Plate  XXV.  Fig.  1.]  Let  S  be  the  Moon;  139* 
ALB/  the  Surface  of  the  Earth,  whofe  Mafs 
tends  towards  the  Moon,  as  if  it  was  all  col¬ 
led  at  T  ;  by  the  A&ion  of  the  Moon,  the 
Particles  of  Water  A  and  B,  acquire  a  gi  eater 
Gravity  towards  T* ;  on  the  contrary,  the  Par-*,2S7 
tides  at  L,  l,  lofe  of  their  Gravity  whence»Iis<j 
we  deduce,  that  if  the  whole  Earth  was  cover’d 
with  Water,  there  wou’d  not  be  an  Equili¬ 
brium,  unlefs  this  Water  was  more  elevated  in 
the  Points  L  and  l,  than  in  a  whole  Circle  90 
Deg.  diftant  from  thefe  Points ;  and  therefore 
pafling  thro’  the  Points  A  and  B.  Therefore 
by  the  ABion  of  the  Moon,  the  Water  acquires  a 
fpheroidical  Figure,  form’d  by  the  Revolution  of  an 
Oval  about  its  greater  Axis,  which  being  continu’d, 

coes  thro’  the  Moon. 

Let  us  fuppofe  the  Moon  in  the  -Equator  ; 
all  the  Se&ions  of  the  Earth  which  are  parallel 
to  the  -Equator;  as  they  are  alfo  parallel  to  the 
Axis  of  the  Spheroid*,  are  oval,  whofe  greater  *,39l 
Axes  pafs  thro’  the  Meridian  of  the  Moon  ; 
whence  it  follows,  that  the  Earth  being  at  reft,  12139} 
any  Circle  of  Latitude,  the  Water  is  more  elevated 
'VoL.il.  T  in 


2  74  •  Mathematical  Elements  Book  I V 

in  the  Meridian  in  which  the  Moon  is,  and  in  the  op - 
pofite  Meridian,  than  in  the  intermediate  Places. 

Definition 

*39 4  A  ^  Lunar  Day,  is  the  Fime  fpent  between  the 
Moons  going  from  the  Meridian  and  coming  to  it 
again.  This  Day  is  divided  into  24  Lunar 
Hours :  It  is  50  Minutes  longer  than  the  Na¬ 
tural  Day. 

From  the  Motion  of  the  Earth  round  its  Ax¬ 
is,  every  Lunar  Day  every  Place  pafles  thro’ 
the  Meridian  of  the  Moon  and  the  oppofite  Me¬ 
ridiati,  that  is,  twice  pafles  thro’  that  Place 
1 395  where  the  Water  is  rais’d  by  the  AElion  of  the 
Moon,  and  twice  thro’  that  Place  where  the 
*1 393  Water  is  deprefs’d  by  the  fame  Aftion*,-  and  fo 

m  a  Umar  Day  the  Sea  is  twice  elevated,  and  twice 
deprefs  d,  in  any  affign  d  Place , 

*396  By  the  Motion  of  the  Earth  round  its  Axis, 
the  elevated  Water  continually  recedes  from  the 
Meridian  of  the  Moon ;  yet  by  the  Afiiori  of 

«  „  t.ne  ,  ,00P;  th?  Axis  of  the  Spheroid  pafles 
Js9Jthro  the  Moon*;  therefore  the  Water  is  conti¬ 
nually  agitated,  that  the  Elevation,  which  fon 
Account  of  the  Motion  of  the  Earth)  is  re¬ 
mov’d  may  be  brought  under  the  Moon. 
Therefore  the  Water  continually  flows  from  A 
and  B  {Plate  XXV.  Fig.  6.)  towards  Land  /, 
whilft  by  the  Motion  of  the  Earth  the  Eleva¬ 
tion  is  earned  from  L  towards  B,  and  from  / 
towards  A  ;  that  is,  between  L  and  B,  as  alfo 
between  /  and  A,  there  are  two  contrary  Mo¬ 
tions,  by  which  the  Water  is  accumulated  ;  fo 
that  the  greateft  Elevations  are  between  thefe 
i bints,  (viz,.)  not  direfily  under  the  Moon,  but 
- oneSlde  that  Point,  and  likewife  afide  of 
JJP7 the  oppofite  Point.  That  is,  in  any  Place,  the 
Water  n  mofi  elevated '  two  or  three  Hours  after  the 

Moon 
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Moon  has  pafs’d  the  Meridian  of  the  Place ,  qy  the 
cppofite  Meridian . 

The  Elevation  towards  the  Moon  a  little  exceeds  1398 
the  oppofite  one*,  ‘fhe  A f cent  of  the  Water  is  dimi  *1390 
nijba ,  as  you  go  towards  the  Poles ,  becaufe  there  is  12  9  5 
no  Agitation  oj  the  Water  there . 

What  has  been  demonftrated  in  Relation  101399 
the  Moon,  may  be  applied  to  the  Sun;  there- 1400 
tore  from  the  Atlion  of  the  Sun ,  every  Natural  Day ,  1401 
the  Sea  is  twice  elevated ,  and  twice  deprefs’d Phis* i  395 
Agitation  is  much  lefs ,  on  account  of  the  immenfe 
Diftance  of  the  Sun,  than  that  which  depends  upon 
the  Moon ;  yet  it  is  fubjet'i  to  the  fame  Laws.  1402 
The  Motions  which  depend  upon  the  Aclion  of  1403 
the  Moon  and  Sun,  are  not  diftinguifh’d  but  con¬ 
founded  ;  and  from  the  A&ion  of  the  Sun,  the 
Lunar  Tide  is  only  chang  d  ;  which  Change  varies 
every  Day,  by  reafon  of  the  Inequality  between  1404 
the  Natural  and  Lunar  Day  ".  *  *394 

In  the  Syz,ygies  the  Elevations,  from  the  Actions  1405 
of  both  Luminaries,  concur,  and  the  Sea  is  more 
elevated  ;  the  Sea  afeends  lefs  in  the  Quadratures ; 
for  where  the  Water  is  elevated  by  the  Action 
of  the  Moon,  it  is  deprefs’d  by  the  A&ion  ot  the 
Sun,  and  fo  on  the  contrary.  Therefore,  whiljlit\o6 
the  Moon  paffes  from  the  Syz,ygy  to  the  Quadrature , 
the  daily  Elevations  are  continually  diminijh* d :  On 
the  contrary  they  are  encreadd ,  when  the  Moon 
moves  jrom  the  Quadrature  to  the  Syz,ygy.  At  a  New  1407 
Moon  alfo,  cateris  paribus ,  the  Elevations  are  greater, 
and  thofe  that  follow  one  another  the  fame  Day,  are*  139S 
more  different  than  at  a  Full  Moon^ .  H0* 

T be  greatefl  and  leaf  Elevations  are  not  obferv'd,  1408 
till  the  fecond,  or  third  Day  after  the  New  or  Full 
Moon ;  becaufe  the  Motion  acquir’d  is  not  pre- 
fently  deftroy’d  from  the  Attrition,  and  other 
Caufes,  by  which  acquir’d  Motion  the  A  Lent  ot 
the  Water  is  encreas’d.  altho’  the  Adtion  by 

Vol.  II.  T  2  which 
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which  the  Sea  is  rais  d  be  diminifh’d  ;  fomewhat 
like  to  what  we  have  demonftrated  elfewhere 
**i74Concerning  Heat74. 

li  now  we  confider  the  Luminaries  receding 
from  the  Plane  ol  the  -^Equator,  we  fhall  per- 
iqopceive  that  the  Agitation  is  diminifti'd,  and  be¬ 
comes  lefsy  according  as  the  Declination  of  the  Lumi¬ 
naries  becomes  greater •  Which  plainly  appears, 

if  we  conceive  them  to  be  in  the  Poles  ;  for 
then  the  Axis  of  the  fpheroidical  Figure  coin¬ 
cides  with  the  A&ion  of  the  Earth ,*  and  all  the 
Se&ions  that  are  parallel  to  the  ./Equator,  are 
perpendicular  to  the  Axis  of  the  Spheroid ;  and 
therefore  circular.  So  that  the  Water,  in  every 
Circle  ol  Latitude,  will  have  every  where  the 
fame  Elevation ;  and  fo  in  the  Motion  of  the 
Earth,  the  Height  of  the  Sea  is  not  changed  in 
particular  Places.  If  the  Luminaries  recede 
from  the  Pole,  it  s  eafy  to  find,  that  the  Agita¬ 
tion  will  be  more  and  more  encreas'd,  till  it  be 
the  gieateft  of  all,  the  Spheroid  revolving  a- 
bout  a  Line  perpendicular  to  the  Axis,  the  Axis 

ol  the  Spheroid  being  fuppos'd  in  the  Plane  of 
the  ^Equator. 

1410  Hence  it  is  plain,  why  in  the  Sy&ygies,  near  the 
/Equinoxes,  the  Tides  are  obfervd  to  be  the  greateft 
both  Luminaries  being  in  or  near  the  ^Equator/ 
*4 itrr7h[  Actions  of  the  Moon  and  Sun  are  greater ,  the 
*1354^/*  *bofe  Bodies  are  diftant  from  the  Earth*  *  but 
*i39o  when  the  Diftance  of  the  Sun  islefs,  and  it  is  in 
the  South  Signs,  often  both  the  greateft  JEqai- 
noflial  Tides  are  obferv  d  in  that  Situation  of 
the  Sun  ;  that  is,  before  the  Vernal,  and  after 
the  Autumnal  -Equinox,  which  yet  does  not 
happen  every  Yea r  ;  becaufe  fome  Variation  may 
anfe  from  the  Situation  of  the  Moon *s  Orbit 

and  the  Defiance  of  the  Syzygy  from  the  ^Equi¬ 
nox. 

Plate 
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Plate  XXV.  Fig.  8  J  ha  Places  diftant from  their^iz 
/Equator,  as  the  Luminaries  recede  from  the  A Equa¬ 
tor ,  the  Elevations  that  happen  the  fame  Day  are 
unequal  Let  P  P  be  the  Axis  of  the  Earth,  EE 
the  .Equator,  LI  a  Circle  of  Latitude;  AB 
the  Axis  of  the  fpheroidical  Figure  which  the 
Water  forms  :  When  a  Place  in  the  Circie  L  l  is 
given  at  L  or  /,  it  is  given  in  the  fame  Meridian 
with  the  Axis  ot  the  Spheroid,  and  the  Water  is 
mod  elevated,  in  both  Cafes  ;  yet  at  L  it  is  more 
elevated  than  at  l;  tor  C  L  exceeds  C  /,  which 
Lines  meafure  the  Heights  of  the  Waters,  that 
is,  their  D. dances  from  the  Center  :  Thefe  Lines 
wou’d  be  equal  if  A  L  and  B  /,  (which  are  the 
Pittances  from  the  Axis  of  the  Spheroid)  were 
equal.  But  Cl  is  lefs,  becaufe  B /  exceeds  A  L, 
which  arifes  from  the  Indinatiou  of  the  Axis  of 
the  Spheroid  to  the  .Equator. 

As  long  as  the  Moon  is  on  the  fame  Side  of  the  1413 
/Equator  in  any  Place ,  that  is,  towards  the 
Line  C  A  continu’d,  the  Elevation  of  the  Water  is 
cbferv'd  to  be  greatefl  every  Day ,  after  the  Moon  has 
paffd  the  Meridian  of  the  Place ,  tor  there  is  the  1414 
greateft  Elevation  when  the  Place  is  come  to 
L  ;  but  if  the  /. Equator  feparates,  or  is  between 
the  Moon  and  the  Place ,  of  which  we  fpeak,  that 
is,  if  the  Moon  be  towards  the  Line  CB  con¬ 
tinu'd,  the  Water  again  at  L  will  come  to  the 
greateft  Height,  and  every  Day ,  the  greatefl  Ele¬ 
vation  of  the  Sea  will  be ,  after  the  Moon  has  pafs*  d 
thro*  the  oppojite  Meridian. 

All  Things  which  have  been  hitherto  ex¬ 
plain’d,  wou’d  exa&ly  obtain,  it  the  whole  Sur¬ 
face  of  the  Earth  was  cover’d  with  Sea  ;  but 
fince  the  Sea  is  not  every  where,  fome  Changes 
arife  from  thence,  not  indeed  in  the  open  Sea  ; 
becaufe  the  Ocean  is  extended  enough  to  be 
fubied  to  the  Motions  we  have  fpoken  of.  But 
'■  *  T  3  the 
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41 5 Station  of  the  Shores ,  the  Streights,  and  many  other 
Things  depending  upon  the  particular  Situation  of  the 
i  -taces  j  niflurb  thefe  general  Jdules.  Yet  it  is  plain 
from  the  moll  general  Obfervations,  that  the 
Tide  follows  the  Laws  which  we  have  explain'd. 
\fhit  remains  s,  to  determine  the  Forces  with 
which  the  Sun  and  Moon  ad  upon  the  Sea, 
that  u  may  appear,  that  they  are  able  to  pro¬ 
duce  tne  tide ccs  which  we  have  mention’d  ;  and 
t.oat  *.ne  A  chons  01  tnoie  Bodies  upon  Pendu¬ 
lums  and  other  Bodies  are  infenfible. 

1  sc  Encreaie  or  Addition  to  the  Gravity  of 
ivlooii  in  the  Quadratures,  from  the  Adtion 
oi  the  Sun,  is  to  the  Gravity  of  the  Moon  to- 
A 291  wards  the  Earth,  as  1  to  178,73*.  In  which 
Computation  we  have  fupposA  the  Mean  Di- 

>?,.«.ftanCe  °F  the  Moon>  from  the  Center  of  the 
l2c5  Earth,  to  be  do  Semi  diameters  of  the  Earth*  * 
tbuctore  the  Gravity  of  the  Moon  is  to  the 
Gravity  on  the  Earth's  Surface,  as  1  to  do  x  60 
ilcS  36°°*-  Therefore  the  above-mendon'd  En- 
C'  Cale  is  to  the  Gravity  on  the  Earth's  Surface, 

!rtS  i  10  ^43428,  in  which  Computation  there  is 
an  Error  to  be  corre&ed. 

Ibis  Computation  wou’d  be  exaft,  if  the 
itieafe  or  which  we  fpeak,  was  to  the  Force 
wun  which  the  Earth  defcends  towards  the  Sun’ 
Ehftance  or  the  Moon  (which  is  do  Se» 
in  1  diameters  of  the  Earth)  to  the  Diftance  of 

1537  G.  EGa  fr°m  -he  Sun*  i  but  it  is  as  the  true 
E#. fiance  of  the  Moon,  which  is  do  1  Se- 
ituameters  of  the  Earth,  to  the  Diftance  of  the 
o  -rcn  from  the  Sun.  Wherefore  the  Encreafe 
;e  hair  determin’d,  ought  to  be  T), 
7ea',d  and  w'li  be  to  the  Force  of  Gra- 
,he  ^  Surface,  as  i  ^  to  6^2, 
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is  to  the  Encreafe  of  the  Gravity  of  the  Water 
on  the  Earth’s  Surface,  in  Places  which  are  90 
Deg.  diftant  from  the  Sun,  ( from  the  lame 
A&ion  of  the  Sun  )  as  do!  to  1*.  Therefore  this*  a  2S8 
Encreafe  of  the  Gravity  is  to  the  Gravity  of  the 
Water,  as  1  to  38(505679.  The  Diminution  ol 
the  Gravity  under  the  Sun,  and  in  the  oppolite^ 
Place  is  double  this  Encreafe*;  therefore  it  is  to *1296 
the  Gravity  as  1:019302839,  and  the  whole  Change  1417 
in  the  Gravity ,  arijing  from  the  Ail  ion  of  the  Sun, 
is  to  the  Gravity  itfelf  as  1  to  12868560. 

In  order  to  compare  the  Adtion  of  the  Moon  1418 
with  the  Adtion  of  the  Sun,  we  mult  make  Ex¬ 
periments  in  Places,  in  which,  by  reafon  ot  the 
Narrownefs,  the  Sea  is  fenfibiy  rais’d.  Near 
Briftol  at  the  Autumn  and  Spring ,  at  which 
Times  the  Agitation  of  the  Sea  is  greateft*,  the '  14  * 
Water  afeends  in  the  Syzygies  about  45  Feet, 
more  or  lefs,  in  the  Quadratures  about  25  Feet, 
more  or  lefs.  Which  Numbers  are  to  one  an¬ 


other  as  9  to  4. 

The  Determination  of  the  Forces,  which  we 
wou’d  find,  if  the  greateft  and  leaft  Elevations 
were  exadly  at  the  Time  of  the  Syzygies, 
wou’d  be  very  eafy,  which  we  have  fhewn  be-^ 

fore  not  to  happen  fo.* 

The  Diftance  of  the  Moon  from  the  Syzygy, 
or  the  Quadrature,  is  not  always  the  fame  in 
the  greateft  or  leaft  Elevation  •  for  this  Diftance 
varies,  becaufe  the  Moon  is  fometimes  more, 
and  fometimes  lefs  diftant  from  the  Meridian, 
when  it  goes  thro’ the  Syzygy  or  Quadrature. 
The  Mean  Diftance  of  the  Moon  from  the  Sy- 
2ygy,  or  Quadrature,  to  which  the  aforefaid 
Obfervations  ought  to  be  referr’d,  is  about  18 
Deg.  30  Min.  fo  that  the  whole  Adtion  of  the 
Sun,  neither  confpires  with  the  Adtion  of  the 
Moon  in  the  Syzygies,  nor  ads  contrary  to  it 
in  the  Quadratures  Alfo  in  fuch  a  Cafe,  if  at 

T  4  the 
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the  Syzygy,  both  the  Luminaries  be  in  the  jE- 
cpator,  in  the  faid  Diftance  from  the  Quadrature, 
the  Declination  of  the  Moon  is  22  Deg.  13  Min. 
more  or  lefs  ;  whereby  the  Force  of  the  Moon  to 
f  1409  move  the  Sea  is  di  mini  fil’d*.  Befides,  cateris  pari¬ 
bus,  the  Diflance  of  the  Moon  from  the  Earth  at 
*13 10  the  Syzygies  is  lefs,  than  at  the  Quadratures*  3 
J311  whence  alfo  the  A&ion  of  the  Moon  is  diminifh’d 
*1411 at  the  Quadratures*:  By  attending  to  all  which 
Things  we  may  difcover,  that  the  Mean  Force  of 

341 9  the  Sun  to  move  the  Sea ,  is  to  the  Mean  Force  of  the 
Moon  to  move  the  fame ,  as  1  to  4,4 Si 5.  But  the 
Force  of  the  Sun  is  to  the  Force  of  Gravity  as 

*j4  7  1  to  1 2868560* ;  wherefore  the  Force  of  the  Moon 
is  to  the  fame  Force  of  Gravity ,  as  1  to  2871485. 

3420  From  whence  it  follows,  that  thefe  Forces  of 
the  Moon  and  Sun  are  too  fmall,  to  be  fenfible 
in  Pendulums  and  other  Experiments,*  but  it  is 

eafily  proved,  that  they  are  capable  of  agitating 
the  Sea. 

.  B3f  diminifhing  the  Gravity  ^  part,  the  Sea 
13681s  lais  d  to  the  Height  of  88902  Rhynland  Feet.* 
For  each  Perch  contains  12  Feet;  whence  by 

3421  the  Rule  of  Proportion*  we  find  that  the  AElion 
1422  *>/  the  Sun  changes  the  Height  of  the  Sea  two  Feet , 

- i 4 ? 9 and  that  the  AElion  of  the  Moon  changes  it  8,95** 

and  that  from  the  joind  AElion  of  both ,  the  Mean 
Agitation  is  of  about  eleven  Feet ,  which  agrees  pret- 
^423  ty  well  with  Observations  ,*  for  in  the  open  O- 
cean,  as  the  Sea  is  more  or  lefs  open,  the  Water 
is  raised  to  the  Height  of  Six,  Nine,  Twelve 
or  Fifteen  Feet;  in  which  Elevations  alfo  there 
is  a  Difference  arihng  from  the  Depth  of  the 
Waters.  But  thofe  Elevations  which  far  exceed 
thefe,  happen,  where  the  Sea  violently  enters  into 
freights  or  Gulphs ;  where  the  Force  is  not  broken v 
t}U  the  Water  rifes  higher.  “•  ;  ' 

CHAP, 
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CHAP.  XX. 

Of  the  Moons  Denfny  and  Figure. 

TH  E  Forces  of  the  Sun  and  Moon,  for  I42$ 
giving  Motion  to  the  Sea,  are  to  one  another 
in  a  Ratio  compounded  of  the  Ratio  ol  the 
Quantities  of  Matter  in  thefe  Bodies  *(for  all  the*  120.7 
Particles  of  Matter  ad)  and  the  inverfe  Ratio  of 
the  Cubes  of  the  Didances  of  the  Sun  and  Moon 
from  the  Earth.  * 

The  Quantities  of  Matter  are  in  a  Ratio  com-  J+cz 
pounded  of  the  Ratio  of  the  Bulks,  that  is,  of  J  * 
the  Cubes  of  the  Diameters,  and  the  Ratio  of 
the  Denfities;  *  wherefore  the  Forces  above-  * 
mention'd,  are  directly  as  the  Densities  and  the  79 
Cubes  of  the  Diameters,  and  inverfely  as  the 
Cubes  of  the  Diftances.  . 

The  apparent  Diameters  of  Bodies,  that  is, 
the  Angles  under  which  they  are  feen,  encreafe 
as  the  Diameters  themfelves,  and  diminifh  as 
the  Diftances ;  that  is,  they  are  diredly  as  the 
Diameters,  and  inverfely  as  the  Diftances;  there^ 
fore  the  Ratio  compounded  of  the  Ratio's  of 
the  Cubes  of  the  apparent  Diameters  of  the  Sun 
and  Moon ,  and  of  the  Ratio  of  the  Denfities,  will 
be  the  Ratio  of  the  Forces,  whereby  thofe  Bodies 
ad  upon  the  Sea.  Therefore  the  Denfities  ofI42^ 
thofe  Bodies  are  direElly  as  the  Forces ,  whereby  they 
move  the  Sea ,  and  inverfely  as  the  Cubes  oj  their 
apparent  Diameters :  and  dividing  the  Forces  by 
the  Cubes  of  thofe  Diameters,  you  have  the  Ra¬ 
tio  of  the  Denfities. 

*  *  %  *  % 
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The  Force  of  the  Sun  is  to  the  Force  of  the 
*1419  Moon,  as  1  to  4,4815  *•  the  Mean  apparent 
Diameter  of  the  Sun  is  32  Min.  12  Sec.  and  the 
Mean  apparent  Diameter  of  the  Moon  is  3 1  Min. 
itf^Sec.  that  is,  they  are  to  one  another,  as 
H27  3  864  to  3 75  3 .  Therefore  the  Denfety  of  the  Sun 
is  to  the  Moons  Denjity  as  ioooo  to  48911  :  which 
*  Denfity  of  the  Moon  may  be  compar’d  with 
* 260  the  Denfities  of  Jupiter ,  Saturn  and  the  Earth,  * 
and  the  Moon  is  denfer  than  the  Earth. 

The  Quantities  of  Matter  in  two  Bodies  are 
to  one  another  in  a  Ratio  compounded  of  the 
79  Denfities  and  Bulks  *;  that  is,  if  the  Body  be 
a  Sphere,  in  a  Ratio  compounded  of  the  Den- 
1428  the  Cubes  of  the  Diameters. 

*£427  'The  Denfities  of  the  Moon  and  Earth,  are  to  one 
1260  another,  as  48911  to  39214*;  the  Diameters 
as  11  to  40,2.  therefore  the  Quantities  of  Matter  in 
thofe  Bodies,  are  as  1  to  39,13.  Tho’the  Den¬ 
fities  be  difcover’d,  if  you  fuppofe  the  Bodies  to 
be  homogeneous;  yet  "the  Quantities  of  Matter 
will  be  rightly  defin’dptho’  the  Bodies  are  not  ho¬ 
mogenous  :  for  we  determine  the  Denfity  which 
that  fooay  won  d  have,  if  the  Matter  of  which 
the  Body  really  confifts,  was  equally  diffus’d  all 
over  it. 

The  Gravities  on  the  Surfaces  of  the  Earth  and 
S2jo Moon  are  determin’d,  by  multiplying  the  Denfi¬ 
ties  by  the  Diameters  *,  that  is  they  are  to  one 
another,  ts  2,  93  to  1,  or  as  407 ,8.  to  139,2. 
Which  Number  a! fa  does  exprefs  the  Relation 
©if  Gravity  on  the  Surface  of'  the  Moon,  with 
8*he  Grvvtty  on  the  Surfaces  of  the  Sun,  Jupiter 
,,il  and  * 
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the  Earth,  is  to  the  Difiance  between  the  Centers 
of  born  Bodies,  as  the  Quantity  of  Matter  in  the 
M0011  to  the  Quantity  of  Matter  in  both  Bo¬ 
dies  *  ;  therefore  40,13.  is  to  1:  as  the  Diftance*  234 
of  the  Moon  from  the  Earth,  is  to  the  requir’d  23  5 
Diftan  :e  of  the  Center  of  Gravity  jrom  the  Center 
cj  the  Earth,  which  is  found  to  be  of  5126950 
Perches ,  as  is  deduc’d  from  the  known  Diameter 
of  the  Earth  *,  and  the  Diftance  of  the  *  976 
Moon. 

To  determine  the  Figure  of  the  Moon,  we  1431 
muft  examine  what  Figure  it  wou’d  have  if  it 
was  fluid  *.  If  we  confider  the  Moon  alone  at*  *3*8 
red,  it  wou’d  be  fpherical  *  :  If  we  confider  the*i 359 
Aftion  of  the  Earth  upon  the  Moon,  the  Moon 
wou’d  acquire  the  Figure  of  a  Spheroid,  whofe 
Axis  wou’d  go  thro’  the  Earth  *.  The  Force*  J392 
of  the  Earth  for  changing  the  Figure  of  the 
Moon,  is  to  the  Force  of  the  Moon  upon  the 
Earth,  as  39,13.  to  1  *.  and  as  the  Diameter  0P1428 
the  Moon  to  the  Earth’s  Diameter*,  which  are,  I2C? 
to  one  another,  as  1 1  to  40,2.  and  it  is  a  Ratio  l\9° 
compounded  of  thefe  10,7.  to  1.  This  Force  13  )  + 
of  the  Moon,  is  to  the  Gravity  upon  the 
Earth’s  Surface,  as  1  to  2871485  *  •  which*l423 
Gravity  on  the  Earth’s  Surface,  is  to  the  Gravity 
1  on  the  Surface  of  the  Moon,  as  407,8,  to  139,2  */14:9 
1  or  as  2871485,  to  980028  ;  wherefore//;*?  API  ion 
I  of  the  Earth  for  changing  the  Moon  s  Figure ,  is  to 
t  the  Gravity  upon  the  Moons  Surface ,  as  10,7.  to?  ,,2 
980028,  or  as  1  to  91524,  the  Gravity  being 

I  chang’d  on  the  Earth’s  Surface,  by  rifhrj  part, 

II  the  Water  is  raifed  8,95  Feet  ;  and  therefore,  if*;4-© 
Gravity  was  to  be  chang’d  «mt?  part,  the  Eleva-  ; 422 
tion  wou’d  be  of  280,7  Feet,  as  is  found  by  the 
Rule  of  Three.  If,  keeping  this  Diminution  of 

;l  Gravity,  we  confider  a  lefs  Body,  this  Height 

muft 
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mint  be  diminifh’d  in  proportion  to  the  Diameter: 
therefore,  from  the  A&ion  of  the  Earth,  the  Ele¬ 
vation  of  the  Moon  is  of  7(5,8  Feet :  and  if  the 
^  ^  ^  Moon  be  homogenous,  there  will  not  he  an  AEqui- 
lJf3  3  Ebrium y  unlefs  the  Axis  of  the  Spheroid  exceeds  the 
Diameter  which  is  perpendicular  to  it  is?  6o 

■ST''  J  J  i 

Feet. 

1454  ‘The  Elevation  of  the  Moon  from  the  A&ion  of 
the  Earth,  may  be  difcover’d  by  one  fingle  Pro¬ 
portion,  by  knowing  the  Elevation  of  the  Sea 
ixom  the  Moon's  A&ion  •  for  thefe  Elevations 
are  in  a  duplicate  inverfe  Ratio  of  the  Gravities  on  the 
Surfaces  of  thofe  Bodies . 

14:5  K  fuppofing  this  to  be  the  Figure  of  the 
■  Moon,  we  conceive  the  Parts  to  cohere,  then 
will  not  be  an  A Equilibrium  between  the  Parts  of  the 
Moony  unltfs  the  Axis  of  the  Spheroid  be  dire&ed 
towards  the  Earth  •  whence  we  fee  the  reafon 
why  the  Moon  always  turns  the  fame  Face  towards 
the  Earth ;  by  which  continual  Agitation,  the 
?43<5^oon  has  at  laft  acquir'd  the  Motion  about  its  Axis 
*  92 o  of  which  we  have  before  fpoken  *:  wh  'ch  Mo* 
i©92tion  mu  ft  necejfanly  be  perform3 d  in  the  fame  Timey 
as  the  Moon  performs  one  Revolution  •  for  from  the 
Action  abovemention'd,  it  muft  neceffarily  ad  apt 
itfelf  to  fuch  a  Celerity  ;  for  if  the  Celerity  was 
greater,  it  wou'd  be  continually  retarded  by  the 
Force,  whereby  the  fame  Face  is  always  di¬ 
rected  towards  the  Earth;  and  if  this  Celerity 
was  lefs,  it  woti’d  be  continually  accelerated, 
let  this  Force  is  not  great  enough,  fenfibly  to 
difturb  the  ^Equability  of  the  Motion  acquir'd 


1437 


about  the  Axis,  every  Revolution  :  Therefore 
the  Motion  about  the  Axis  is  equable ,  tho3  the  Moon 
'fj66  be  mov'd  in  its  Orbit  by  an  unequal  Motion*.  The 

Pofition  alfo  of  the  Moon's  Axis,  cannot  be  fo 
chain'd  by  the  Force  abovemention’d,  as  to 

2  become 
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become  perpendicular  to  the  Plane  of  the 
Orbit,  when  ics  Inclination  is  chang’d  *  45 

therefore  the  Axis  of  the  Moon  is  fometimes  inclind 
to  the  Tlane  of  the  Orbit ,  as  we  have  before 
Ihewn.  *  *l09l 


The  End  of  the  Fourth  Book. 
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'  -  between  two  Glafs  Planes,  p.  14.  n.  37,  38. 

Afterifms ,p.  202.  n.  1190.  and  fol. 

Atmofphere,  (1.)  p.  209.  n.  418. 

Attra&ion,  (1.)  p.  n.n.  3 1. 

— ~  the  Laws  of  it,  ibid. 

—  - - from  Gravity,  (2.)  p.  207.  n.  1210. 

The  Space  of  AttraChon,  (2.)  p.  31.  n.  632. 

Auges.  See  Apfides . 

Axioms  concerning  Motion,  (1.)  p.  21.  n.  58.  and  fol. 
Axis  of  a  Planet,  (2.)  p.  154.  n.  949. 

The  Motion  of  the  Axis  of  the  Earth :  fee  the  Preceffion  of  the 
ALquinoxes 

Axis  in  Peritrochio,  (1.)  p.  38.  n.  112. 

- - the  Properties  of  it,  p.  39.  n.  113.  and  fob 

Axis  of  a  Balance,  p.  28.  n.  24. 

I  B 

Balance,  its  Properties,  (if  p.  28.  n.  87.  and  fol. 

- the  Perfection  of  one,  p.  34.  n.  102. 

- -  Falfe  Balance,/?.  30.  n.  92. 

•  - Hydroflatical  Balance,  p.  134.  n.  271. 

•  - ■ - Roman  Balance,  (1.)  p.  30.  n .  91. 

Blacknefs  :  fee  Reflection. 

Black  Bodies  grow  warm fooner  than  Bodies  oj  other  Colours, 
(2.)  p.  145.  n.  909. 

Body,  its  Properties,  (i.)p.  4.  n.  8.  and  fol. 


Burning 
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Burning  Glajfes,  (2.)  p.  y d.  n.  703; 

C 

Celerity,  (1.)  p.  20.  n.  73. 

- relative,  p.  75.  ».  177. 

Center  of  a  Balance,  (i.)p.  28.  n.  8y. 

Center  of  Gravity, (1.)  p.  n.  97. 

- Its  Properties,  ibid.  n.  96.  and  fol. 

- of  Qf cillat  ton,  p.  67.  n.  161. 

-  of  Percuffton,  p.  dy.  n.  id2. 

Central  Forces,  (1.)  p.  107.  n.  220. 

- - their  Properties,  p.  107,  n.  221.  and  fol. 

- - compar’d  together,  p.  n2.  n.  231.  and  fol. 

Centrifugal  Force,  (1 .)  p.  104.  n.  218. 

Centripetal  Force,  (1.)  p.  107.  n.  2ip. 

Dark  Chamber,  (».)p.  79.  n.  71 1.  p.  92.  n.  817. 

The  Law  of  Cohefion,  n.  n.  31. 

Colour  of  ObjeBs,  (2.)p.  1  id.  n.  879. 
of  Rays,  ibid.  n.  8  do. 

This  lafl  Colour  is  always  unchangeable,  p.  117.  n.  862'. 
and  fol.  p.  123.  n.  869. 

The  Order  of  Colours,  according  to  their  different  Ref  ran - 
gibility,  p.  117.  n.  8dl. 

- mix'd  Colours,/».  127.  n.  873.  874. 

From  whence  Colours  come  to  be  dull  or  lively,  p.  14,6. 
n.  911.  913.  L 


Why  Colours  vary  in  fome  Bodies  according  to  the  Situation 
of  the  Eye,  ibid.  n.  914. 

The  Change  of  Colours  in  Liquids  mix’d,  p.  14 6.  n.  916. 
A  Liquid  appearing  of  a  different  Colour,  according  as  it 
is  feen  by  refieBed  or  tranfmitted  Rays,  p.  147.  n.  917. 
The  Colours  of  the  Clouds,  ibid,  148.  n.  920. 

- of  thin  Plates,  p.  13  d.  n.  887. 

• -  their  Properties,  ibid,  and  fol. 

- -  «/  Bodies,  from  whence  they  proceed,  p.  144.  n.  907. 

P-  148.  n.  910. 

Comets,  (2.)  p.  179.  n.  979.  and  fol. 

‘  ~tjietr  Motions  explained,  (2.)  p.  240.  n.  1271?. 
and  fol. 
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The  Conjun&ion  of  the  heavenly  Bodies ,  (2)  p,  l6f 
n.  1010. 

Confonances,  (r.)  p>  255.«.  525.  and  fol. 

Courfe  of  a  River ,  (1.)  p.  19  5.  n.  392.  and  fol. 

How  to  Meafurethe  Swiftnefs  of  its  Courfe,p.  199 .  n.  399* 
and  fol. 

Rock  ChryQ.a\  made  lucid  by  rubbing,  (2.)  p«  3.  n.  552» 

D 

Natural  Day,  (a,.)  />.  193.  1141. 

Artificial  Day,  />.  194.  w.  1147. 

Their  Differences,  ibid.  n.  1152.  and  fol. 

Lunar  Day,  p.  n.  1394. 

Declination  of  a  Star,  (2.)  p.  182.  n.  1079* 

Degrees  0/  Latitude  encreafe  as  you  come  nearer  tit 
Poles ,  (2.)  p.  n.  1374. 

Denfity,  (1.)  p.  14 6.  n.  284. 

How  to  determine  the  Denfity  of  Fluids,  (u)  p>  155^ 
n,  309.  and  foi. 

The  Denfities  of  Planets,  (2.)  p.  231.  n.  1260I 

Dilatation  by  Heat :  fee  Heat. 

Ditonus,  (1 .)  p.  255.  n.  530. 

Divifibility  of  Matter,  (1)  p.  4.  n.  10.  p.  n.  tjl 
and  fol.  p.  10  n.  2 6. 

Drop  becomes  fpherical,  (1.)  p.  12.  n.  33. 

E 

The  Earth  ranked  amongfl  the  Planets,  (2.)  p.  1 5  5 .  n.  960I 

» ■"  —  its  Motion  and  Di fiance,  ibid.  n.  950.  p.  164. 
n.  996.  and  fol.  p.  182.  n.  1081.  and  fol.  p.  200* 
n.  1183.  and  fol.  p.  222.  n.  1244.  and  fol.  p.  242* 
n.  1281. 

- - —  its  Dtmenfhns,  p.  158.  n.  976. 

■ . its  Figure y  p.  264.  n.  1360.  and  fol. 

- - -  it  cannot  be  determined  by  Meafures] 

p*  2 69.  n.  1375» 

- - its  Elevation  towards  the  AZquator  determined, 

p.  268.  n.  1370. 

— t -  the  Degree s  on  its  Surface  encreafe  as  they  dravl 

nearer  ike  Poles,  p.  259.  n.  1374. 

U  Ptinu 
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Point  of  the  Eaft,  f2.)  p.  187.  n.  1102. 

Echo,  (1)  p.  258.  n.  542. 

Eclipfe  of  a  Satellite ,  (2.)  p.  175.  n.  1033. 

— —  of  the  Moon :  fee  Moon . 

—  of  the  Sun,  fee  Sun* 

Ecliptic  Line ,  (2.)  p.  165.  n.  9pp. 

Plane  of  the  Ecliptic,  p.  153.  n .  940. 

Elafticity,  (i.)p.  17.  n.  44. 

PerfeB  Elafticity,  p.  7 <5.  ».  177. 

77?e  L^zxu  of  Elafticity,  (i.)p.  123.  »,  251. 

2^?  Elafticity  of  Fibres,  p.  120.  n.  244.  and  fol. 

The  Eiafticity  of  Plates  of  Metal,  p.  129.  n.  262»  and  fo. 
The  Elafticity  of  a  Ball,  p.  131.  n.  2 66. 

Elafticity  from  Heat :  fee  Heat. 

Ele&ricity,  (2.)  p.  3.  n.  551. 

*■  — - of  a  Glafs-Tube,  ibid.  11.  554.  555. 

—  - —  of  a  Glafs-Globe,  p.  5.  n.  559.  and  fol. 

ConjeBures  about  the  Caufe  of  it,  p.  7.  n.  563.  and  fol. 
The  Elongation  of  Planets,  (2.)  p.  16 7.  n.  1012. 

The  greateft  Elongation,  ibid,  n .  1013. 

Excentricity  of  Planets,  (2.)  p.  152.  n.  932. 

Extenfion,  (1.)  p.  4.  n.  8.  p.  5.  ».  13. 

Defcription  of  the  Eye,  (2. )  p.  60.  n,  712 
Artificial  Eye,  (2  .)p.  6 2. 

Changes  in  the  Eye,  p.  63.  n.  719.  and  fol. 

The  DefeB  of  old  Eyes  correBed,  p.  72.  n. 

The  DefeB  offhort  fighted  Eyes  correBed,  p.  73.  n.  7^8. 

F 

Fibres  —  their  Elafticity,  (1.)  p.  120.  n.  244.  and  fo!a 
— —  their  Vibrations,  p.  127.«.  257.  and  fol. 
Properties  of  Fire,  (2.)  p .  1.  /2.  544.  and  fol. 

Fire  contain  d  in  Bodies,  (2.)  p.  3.  n.  552.  and  fol. 

The  ABionof  Air  upon  Fire,  (2.)  p.  12.  n.  577.  p.  17. 

72.  593.  p.  18.  594. 

.yf  Fifth,  (1.)  p.  255.72.  528. 

Flame,  (2)  p.  15.  72.  587.  p.  17.  ».  592; 

Fluid,  (if  p.  II.  72.  3  O  ’ 

Wherein  Fluids  with  Solids ^  (t)  p.  134.  n.  2  70" 

The 
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The  Properties  of  Fluids,  p .  13?.  n.  272.  and  fol. 
rIbe  Action  of  Fluids  upon  the  Bottoms  and  Sides  of  Veffels , 
p.  138.  n.  280. 

The  Motion  of  Fluids,  (if  p.  174*  n.  3  54- 
Fluids 7] pouting  'vertically ,  p.  177.  n.  358.  and  fol. 

See  Fountain . 

— — ■  ■■  Spouting  obliquely ,  p.  178.  n.  360.  and  fol. 

- - -  Spouting  out  of  Veffels ,  p.  188.  n.  378.  f°l. 

Comparifon  of  the  Times  in  which  Veffels  become  empty , 
p.  189.  n.  379.  and  fol. 

Solids  immers'd  in  Fluids,/;.  147.  n.  290.  and  fol. 

■  heavier ,  p.  148.  n.  292.  p.  149*  29^«  fol* 

- lighter ,  p.  154.  n.  30(5.  and  fol. 

Fluidity,  from  whence  it  arifes ,  (1.)  p.  133*  n*  2<^9* 

.  .  -  -  ' whether  it  depends  upon  Heat?  (if  P-  20,  n.  603: 
Full  Moon,  (2.)  p.  175.  n.  1043. 

Focus,  (2.)  p.  40.  n.  6 50. 

Fountain  of  Hero,  (1.)  p.  237.  n.  474. 

- - /row  the  Comprejjton  of  the  Air ,  p.  231.' 

.'  n.  459. 

Two  little  Fountains,/;.  230.  n.  457.  p .  230.  458. 

-4  Fourth,  (1.)  p.  255.  n.  529. 

G. 

Glafs  appears  lucid  by  Attrition,  (2.)  p.  3.  n.  55  3.  p.  5* 
n.  557. 

•Burning  Glaffes,  (2 Op.  5 <5.  k.  703. 

Gravity,  GO  p*  2 5 .  n.  73.  (2O  p ■  196.  n.  1 20 6.  and  fol. 
The  Phenomena  of  Gravity,  (if  p-  25.  n.  72.  p.  25. 

»•  75,  77*  ,  . 

Refpettive  Gravity,  (17  p.  149*  »•  295* 

I  Specific  Gravity,  (1.)  p.  146-  2^7* 

Gravity  universal,  (if  p«  206.  n.  1206. 

The  Laws  of  Gravity,  ibid.  n.  1207,  1208. 

Gravity  isprovd ,  p.  207.  n.  12  n.  and  fol. 

Proportions  relating  to  Gravity,  p.  213.  ».  1226.  and  fol. 
Gravity  wot  fo  afcrib*d  to  any  Imprejfton  known  to  ui, 
I  „  p.  31G  n.  1238. 

Gravity  «po»  the  Surfaces  of  Planets,  p.  231.  n.  12*8. 

U  2  Hard 
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H 

Hard  Bodies*  (i)p.  n.n*  28. 

Heat,  (i.)p.  14.  n .  57 9,  j8o,  584.^ 

Heat  /J  proportion  to  the  Fire,  p.  15.  n.  588. 
Heat^fo*  Bodies  emit  Light  or  jhine ,  p.  16.  n.  jpi.’ 

- - -  dilates  Bodies ,  p.  18.  n.  596,  597. 

- —  melts  fome  Bodies,  p.  20.  n.  do 2. 

—  gz'w  Elaflicity  tofome  Bodies,  ibid.  n.  60$. 

~  What  Sorts  of Bodies  grow  foonefl  warm,  p.  145.  n.  pd8. 

Heavens — -what  they  are,  (2.)  p.  i5i.  n.  $>85. 

- —  zvhy  blue,  p.  162.  n.  987. 

Heavy  Bodies  do  not  tend  towards  the  Center  of  the  Earth , 
(2.)  p.  3<58.  n.  1371. 

Heterogeneous  Body,  (1.)  p.  14 5.  n.  286. 
Heterogeneous  Rays,  (2.)  p.  iop.  n.  850. 
Homogeneous  Body,  (1.)  p.  145.  n.  285« 

Homogeneous  Rays,  (2.)  p.  108.  n.  849. 

Horizon.,  (2.)  p.  18?.  n.  ioy6. 

I 

Glafs  Images  going  up  and  down  in  Water,  (j.)  jv  22  u 
n.  462. 

Inclined  Plane,  (1.)  p.  56.  n.  139. 

7he  Inertia  of  a  Body,  (1.)  p.  5.  n.  I2. 

Ins  or  Rainbow  when  produc'd,  (2.)  p.  134.  n.  884,  835. 
Two  frequently  appear  at  a  Time,  p.  13 5.  n.  885. 
Explanation  of  the  Motion  of  Light  in  forming  a  Rainbow, 
p.  127.  n.  875.  and  fol. 

Judgment  concerning  the  Diflance  and  Magnitude  of 
ObjeEls  :  fee  Light. 

~ — —  concerning  the  Magnitude  of  the  Sun  and  Moon 
near  the  Horizon,  (2.)  p.  57.  n.  735. 

Jupiter,  (2.)  p .  155.  n.  962. 

— — —  its  Weight,  p.  231.  n.  1255. 

— — —  Gravity  on  its  Surface,  p.  ibid.  n.  1258. 

*  - -  its  Denfity,  p5  ibid.  n.  i25o. 

•  - -  its  Force  aSling  on  Saturn,  p.  235.  n.  1270* 

- —  on  Mars,  p.  238.  n.  1273. 

- - its  Figure,  p.  25j,  n.  1 353, 
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L 

Defcription  and  ufe  of  the  Magic  Lantern*  (2.)  p.  99. 
n.  837.  and  fol. 

Perferiori  of  a  magic  Lantern,  (2.)  p.  102.  n.  839. 
Latitude  of  an  heavenly  Body,  (2  )p.  i£<5.  n.  10.06. 

- -  oj  a  Place,  p,  189.  n.  1118. 

Circfe  o/^atitude*p.  ibid.  n.  1119. 

Law  of  Nature,  (i.)p.  2.  n.  4. 

How  the  Laws  oj  Nature  are  df cover’d,  ibid, 

Glafs  Lens,  (2.)  53.  n.  692 . 

The  Properties  of  Lenfes,  (2.)  p.  54.  n.  966 .. 

Convex  Lenfes,/?.  55.  n.  698.  and  fol. 

Concave  Lenfes,  f.  57.  n.  704.  and  fol. 

Multiplying  Lenfes,/?.  73.».  759. 

Lever,  (1 .)  p.  35*  »•  io3>  io4- 

• - its  Properties,  p.  35.  r).  105.  and  fol. 

Light,  (2.)  p.  14.  n.  581.  and  fol. 

Bodies  receive  Light  from  Heat :  fee  Heat. 

A  Ray  oj  Light  :  fee  Ray. 

The  Motion  of  Light,  (2 .)  p.  16.  n.  589,  590. 

The  Celerity  oj  Light  in  different  Mediums,  p.  37.  n.  640. 
Inflexion  of  Light,  p.  24.  n.  6 n.  and  fol. 

- - its  RefraCtion :  fee  Refraction. 

m  ■"  ■—  its  RefeCtion :  fee  Reflection. 

Bodies  liquefied  :  fee  Heat. 

"Longitude  of  an  heavenly  Body,  ( 2 )  p.  166.  n.  I003 ,1004: 
Longitude  of  a  Place,  p.  189,  n,  1-121. 

M 

Simple  Machines,  (1.)  p.  35.  n.  103.  p4  38.  n.  112. 

p.  40.  n.  1 15.  p.  44.  n.  11 9.  p.  45.  n.  12 1. 
Compound  Machines,  /?.  47.  n.  122.  and  fol. 

A  Machine  by  which  the  Properties  of  the  IVedge  are  de - 
monflrated,  (1.)  p.  44.  n.  120. 

A  Machine  to  determine  the  Acceleration  of  falling  Bodies , 
p.  53.  n.  132. 

'A  Machine  to  demonflrate  the  Properties  of  an  inclin’d 
Plane,  (i.)p.  57.  n.  143. 

U  5  — —  for 
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—*»for  making  Experiments  concerning  Percuffion,  p.  58* 
n.  170. 

- - for  making  Experiments  concerning  compound  Mo* 

tion,  and  oblique  Percuffion,  p.  85.  n.  19 1. 

—  for  oblique  Powers,  p.  92.  n.  197*  p*  95; 

n.  203,  204. 

— — —for  the  ProjeBion  of  heavy  Bodies ,  (1.)  p.  100." 
n.  2io. 


to  {hew  the  Central  Forces,  p.  105:.  a.  222. 

.  mfir  making  Experiments  concerning  Elaflicity , 

p*  122.  n.  249. 

- to  {hew  the  Preffure  of  Fluids,  p,  139,  n.  28r; 

p.  142.  n.  282.  p.  144.  n.  283. 

l-~—  to  find  out  the  Denfiuy  of  Fluids,  p,  155.  11.  312. 
p.  158.  n.  3 14. 

— —  to  compare  theDenfities  of  Solids,  p.  1 59.  n.  317. 
n.  318. 

~  to  make  Experiments  concerning  the  Refiftance  of 
Fluids,  p.  170.  n.  345. 

to  make  Exper  iments  concerning  Fluids  fpouting 
out,? .  175.  n.  35 5.  p.  182.  n.  370. 

— *  to  meafure  the  Celerity  of  a  River,  p.  198.  n.  398. 

Machine  to  let  Bodies  down  into  the  Air  Pump,  when  the 
Receiver  is  void  of  Air,  p.  25.  n.  77. 

to  whirl  Bodies  round  in  a  Vacuum,  (2.)  p* 
11.  557. 

— — —  to  make  Experiments  in  condenfed  Air,  (1) 
p,  228.  n.  454. 

. . — -  ufed  by  Divers,  p.  231.  n.  451. 

Various  Machines,  the  Effetl  of  which  depends  upon  the 
ABion  of  the  Air,  (1.)  p.  233.  n.  457.  and  fol. 

- — “ —  to  whirl  round  a  Glafs  Globe,  (2.)  p.  4.  t>.  555* 

^ — —  to  fie  w  the  Inflexion  of  Light,  p.  24.  n.  5n. 

— —  that  fiew  the  RefraBion  of  Light,  p.  29.  n.  530. 
p.  38.  in  the  beginning ,  p.  49.  p.  55.  n.  j02.  p.  58. 
n.  708. 

'Apparem  Magnitude :  fee  Judgment  and  Sight, 
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Mars, (2.)  p.  155-  »•  9<5i- 

ctcleftial  Matter  very  fukile,  (2.)  p.  221.  n.  124^. 

» - —  it  does  not  wove  Bodies ,  p*  222.  n.  1244* 

The  Quantities  of  Matter  in  Planets  ,(2  )  p.  231-  n.  1255. 
The  Medium  of  Light ,  (1.)  P-  7.  n.  1 J. 

Mercury  fhinesin  a  Vaeunm ,  (2.)  p.  1 1 .  n.  5 7 1  • 

The  Planet  Mercury,  (2.)  p.  155-  »•  9 58- 
Meridians,  (2.)  p.  i8t.  n.  1077.  {■  18B.  n.  1114» 

I  ii  6. 

Firft  Meridian,  p.  189.  n.  1120. 

Meridian  Line ,  (2.)  p.  186.  n.  1101. 

Microfcope,  (2.)  p.  74-  760. 

_ _ -  it  magnifies  fmall  Objetts,  ibid.  n.  76I. 

. _ . _ .  it  magnifies  more  when  compounded,  p.  70. 

n.  7^5. 

Milky  Way,  p.  284.  n.  H99-  . 

_ _ _ _ -  it  is  an  Ajfemblage  of  Stars,  p.  ibid.  n.  1200. 

Mirrours  or  Looking  Glaffes  plane,  (2J  p.  87.  n.  7 99* 

r  an  fpherical  and  convex,  p.  89.  n.  80 6.  and  fol. 

-  fpherical  and  concave,  p.  9°-  n-  8l3*  and 


fol. 


burning,  p.  91.  n.  814. 
cylindric  and  conic ,  p.  XI7*  n*  8^3* 


The  Phenomena  of  the  Moon,  (2.)  />.  174.  n.  1035. 

and  fol.  ^  #  - 

IVby  it  appears  bigger  near  the  Horizon,  p.  6 7.  n.  735. 

It  turns  round  its  Axis,  p.  15 7*  n*  97°-  P*  *84-  n*  I092- 
lt  always  turns  the  fame  Face  towards  the  Earth,  p.  184. 

n.  1092. 

Eclipfe  of  the  Moon,  (2.)  p.  176.  n.  1047. 

. - when  it  happens,  ibid.  n.  1049»  i°5I- 

- - Partial ,  p.  *77*  n*  I052* 

- — -Total,  ibid.  n.  1053. 

- -  Central,  ibid.  n.  io54* 

The  Gravity  of  the  Moon  towards  the  Earth,  p.  211. 

'  .  ”■  ,!!S-  ■  u  4  Th, 
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The  Denfity  of  the  Moon,  p.  ».  I427 

The  Gravity  of  the  Mom  in  in  Surface,  p.  n.  14^ 

The  Weight  of  the  Moon,  p.  n.  i420  1  4 

The  Figure  of  the  Moon,  p.  n.  14,1' 

A  **  MKm  <*  Mo°"'  /•««. 

S  va-  v 

*307.  p.  ».1336.  n.i$o69 

The  Motion  of  the  Ap fides  of  the  Moon,  *  x57  *  g7Q' 
25<5.  /z.  1325.  r 

The  Motion  of  the  Nodes  of  the  Moon  » 

P-  »•  1341.  and  fol.  5  P'157‘  n‘^°' 

The  Change  of  the  Moon5/  Eccentricity,  p.If7  n 
P-  n.  1328,  1329.  />  P-IJ7-  n.968. 

The  Change  of  the  Inclination  of  the  Moon 5s  Orbit  p . ,  S7  • 
n.  969.  p .  n.  1343.  and  fol.  5  P  77’ 

A  Peneaical  Lunar  Month,  (2.)  p.  ,7,  - 

TT  Month,  >./&  '8i  37' 

-  ^  Body  moveable  or  fufceptible  of  Motion,  (t.)  p.  * 

Motion,  (1.)  p,  19.  n.epy. 

~  ~its  Quantity,  p.  20.  n.  34.' 

“  —its  Dire  [lion,  p.  21.  n.  33. 

~its  Laws,  p.  49.  n.  124.  and  fol. 

The  comparing  of  Motions,  ft.)  *  ,,  n  jf, 

Motion,  fi.;  p.f,  £  I2_  •  52,  Wfbl' 
Motion  retarded,  p.  32.  n.  128.  7 

“  ■ compounded ,  p.  83.  n.  too.  and 

“  P-  88.  n.  ip2„ 

P-  id*,  n. 
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•  - - Apparent  ibid.  n.  5)85.  p.  163.  n.  992.  and  fol. 

•  - in  Confequentia,  p.  153.  n.  946. 

•  - in  Antecedentia ,  p.  154.  11.947. 

•  - diurnal,  p.  i8i.n.  1074.  n.  182.11. 1081.  and  fol* 

•  - of  Fluids.  (1.)  p.  174.  n.  354.  and  fol 

- - — of  Light.  See  Light. 

•  - its  Quantity  in  the  World  not  always  the  famc9 

(1.)  p.  n.  187,  188. 

N 

Nadir,  (2.)  p.  1 8/5.  n .  1100. 

The  Node*  of  the  Planets,  (2.)  p.  153.  11.941*. 

The  Line  of  Nodes,  p.  ibid .  n.  942. 

New  Moon,  (2.)  175.  n.  1042. 

Two  Nubecula?  in  the  Heavens ,  (2.)  p.  204.  n.  i2or.’ 

O 

Opaque  Body,  (1.)  p.  58.  n.  709. 

Opacity  depends  upon  the  Pores,  (2.)  p.  105.  n.  843." 
O&ave,  (1.)  p.  n.  527. 

Oppofition  of  Coelejhal  Bodies,  (2.)  p .  167.  n.  1011. 

P 

Parallax  of  the  Stays,  (2.)  p.  187.  n.  1  iq,6.  and  fol.4 
-■  ■  ■ annual ,  p.  282.  n.  1187,  1188. 

Subtility  of  Parts,  (1.)  p.  9.  n.  20. 

Pendulum,  (1.)  p.  6 i.n.  153, 

—  - - compound,  p.  65»  n.  1 6u 

Motion  of  Pendulums,  p-  n.  154.  and  fol. 
Penumbra  (2.)  p.  179.  n,  10 60. 

Percuflion  direct,  (1.)  p.  67.  n.  1 66. 

*  - - of  Bodies  not  elaftic,  p.  72.  n.  171.  and  to)* 

-  - of  elaftic  Bodies,  p.  77.  n.^-179.  and  fol. 

-  - - oblique,  p.  89.  n.  193.  and  fol. 

E  Perihelia  of  Planets. 

Natural  Phaenomena,  (1.)  p.i.  n.  2. 
i  Phofphorus  of  Urine,  (2.)  p.  12.  n.  57?, 

- - in  a  Vacuum,  (2J  p.  18.  n.  595. 

d  Natural  Philofophy,  (1.)  p,  2.  n.  3. 
f.l  Place,  (1.)  p.  19.  w.  48,  49,  50. 

Plafter  Jhines  in  a  Vacuum,  (2.)  p.  10.  n«  57 6. 
i  Planets,  (2.)  p.  iji.  n.  926.  7—7“?™* 
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—-Primary,  p.  i$i,  n.  927. 

— — — ^Secondary,  ibid  n.  928. 

—  - — Inferior ,  p.  15  6.  n.  964. 

- — — ~ Superior ,  ibid. 

The  Appearances  of  Inferior  Planets,  p*  16 8.  n*  loij. 
and  fol. 

The  Appearances  of  Superior  Planets,  />.  17 1.  n.  1024. 
and  fol. 

— — Their  Figures  determined,  p.  n.  1360. 

- — their  Diflances ,  p.  155.  n.  95 6.  and  fol. 

— — — their  Dmenfions ,  p.  158.  n.  975.  p.  231.  n.  125& 
their  Weights,  p.  ibid .  n.  1255. 

*— —their  Denfities ,  p.  ibid .  n.  1260, 

"their  Motions,  p*  151.  n.  929  and  fol. 

—  the  Effects  oj  their  mutual  AElions,p .  235.  n-  1274C 

—they  revolve  about  the  Center  of  Gravity  of  the 

•whole  Syfiem,  p.  234.  n.  1264. 
n—iMi.nii  1  their  Orbits  are  at  ref,  ibid .  n.  12 6%. 

—  '"  their  Motions  explain  d  according  to  the  Principles 
of  Natural  Phi lofophy,  p.  235.  n.  1275. 

Motions  and  the  Diflances  of  the  Secondary  Planets,  p  1 56. 
«.955.  and  fo\.  p.  19 1.  ».1x30.  and  fol. 

- - an  Explanation  of  thefe  Motions,  p.  240.  n..  1277. 

and  fol. 

The  Points  of  Reft  in  Strings  in  Motion ,  (1.)  p.  257. 
n.  538* 

The  Poles  of  a  Planet ,  (2.)  p.  13:4.  n.953. 

— — — of  the  World. 

- - Artlicy  p.  184.  n.  xopo. 

* — — AntarEiic ,  ibid .  n.  1091. 

- —  0/  the  Ecliptic,  p.  1 66.  n.  X007. 

The  Polar  Circles ,  p.  184.  n.  1091.  p.  188.  1114^ 

Power  (1.)  p*  21.  n.  56. 

Intenpty,  p.  21,  n.  57. 

The  ABionsof  Powers  compared,  p.  24,  n.  6j .  and  fol. 
The  AElions  of  oblique  Powers  determin’d,  p.  91.  n. 
195,  and  fol.  , 

The  Praeceffion  of  the  I Equinoxes .  See  JEquimx . 

%  *The 
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The  Proje&ion  cf  heavy  Bodies,  (i.)  p,  99.  n.  208.  and 
fol. 

Pulley,  (i  )  p .  27.  n.  82,  83.  p.  40.  n.  nj.  and  fol. 
Common  Pumps,  (1.)  p .  23 6.  n.  472. 

R 

Radiant  (2.)  p.  40.  11.645. 

Rainbow.  See  Iris. 

Ray  of  Light ,  (2.)  p.  23.  n.  610. 

- - diverging ,  (2.)  p.  35;. 

■  ■— converging ,  p.  40.  n.  648. 

—  - incident ,  p.  28.  n.620. 

-■  - refracted,  ibid.  n.  622. 

— reflected,  p.  81.  n.  780.' 

*  ■  ■  -  homogeneous ,  p.  108.  n.  849. 

- - -heterogeneous ,  ibid.  850. 

.  —  ■ they  move  in  Curve  Lines  in  the  Air,  p.  178. 

n.  1056. 

Reflexion  cf  Light  from  Bodies ,  (2.)  p.  58.  n.  710. 

- - from  a  polijh’d  Surface ,  (2  )  p.  81.  n.  779. 

—  - its  Laws,  ibid.  n.  783.  and  fol. 

—  - it  has  a  great  Relation  with  Ref  ration,  p.  86c 

n.  795.  and  fol. 

Black  Bodies  rcfieft  no  Light,  p.  107.  n.  845. 
Refra&ion  of  Light,  (2.)  p.  26.  n.  616. 

■  — when  caufed,  ibid.  n.617. 

——'•whence  it  anjes ,  ibid.  n.  618. 

.  ■  -its  Laws ,  p.  28.  n.  624.  and  fol. 

A  confiant  Proportion  between  the  Sine  of  Incidence  and  the 
Sine  of  Refra&ion,  p .  37.  n.  6 39. 

The  Caufe  of  this  Effeft,  p.  31  n.  633.  and  fol. 

The  Laws  of  Refraction  in  Mediums  divided  by  a  plane 
Surface ,  p.  39.  n.  643.  in  Mediums  divided  by  a  fphe - 
rical  Surface,  p.  44.  n.  660. 

Refra&ion  of  the  Stars,  p.  188.  n.  1 1 10  and  fol. 
Refrangibility  different  in  different  Rays,  (2.)  p.  108. 
n.  847. 

— - confiantly  the  fame  in  Jingle  Rays,  p.115.  n.  855? 

.  — the  greater  it  is,  the  more  eaftly  are  Rays  re  Hefted, 

p.  122.  n.  868.  Repul- 
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Repulfion,  (i.)  p.  15.  n.  40.  and  fol. 

ReMance  of  Fluids ,  (1.)  p  162 .  n.  519"  and  fol. 
Retardation  of  Bodies  afcending  vertically ,  (if  p.  55: 
n.135. 

—  Afcending  upon  an  indin  d  Plane,  p.  do.  n»  isi* 
and  fol. 

* - -of  Bodies  moving  in  Fluids ,  (1.)  p,  165.  n.  329. 

Retardation  of  a  Pendulum  in  a  Fluid ,  p.  171.  0,347. 
k>l. 

- - of  a  Body  rifing  upwards,  p.  172.  n.  351,  dwrffol.' 

Retardations  compar  d  with  one  another,  p.  1 65.  n,  331. 
and  fol* 


«  — —compared  with  Gravity,  p.  1 66.  n.  33 6. 

Ring  of  Saturn ,  (2.)  p.  155.  n.  9^3.  p.  174.0,  1034. 
Rifing  of  the  Stars,  (2.)  p.  :i8d.  n.  1097. 

Riyer,  (1  )  p.  195.  n.  390. 

- ■  —  its  SeElion ,  p.  195.  n.  391. 

•——its  Courfe,  p.  195.  n.  392,  and  fol* 

Rules  for  reafoning  in  Philofophy,  (if  p.  3.  n.  5,5/7, 

S 

Satellites*  See  Secondary  Planets .  i 
Saturn,  (2  )  p.  155,  953. 

- its  Weight,  p.  231.  n.  1255. 

- - —Gravity  on  its  Surface,  ibid ,  n.  1258. 


■ its 


ibid  n.  12  do. 


- - the  Force  with  which  it  ads  on  Jupiter ,  p,  23?. 

n.  1272» 

An  infide  Screw,  (if  p.  45.  n.  121. 

An  outfide  Screw,  ibid. 

The  Ufe  of  both,  ibid. 

Mft  endlefs  Screw,  (if  p.  47.  n.  123. 

Seafons  of  the  Tear,  p.  199.  n.  1175.  and  fol. 
Sky-Rocket,  p.  22.  n.  609. 

- ~jn  the  torrid  Zone,  ibid .  n.  1179.  and  foj* 

Sefquiditonus,  (1.) pn  255.  n.  531. 

The  Setting  of  the  Stars,  (2  )  p.  183.  n.  1089. 

Signs  of  the  Zodiac .  See  Zodiac , 

Smoak,  (2.)  p  15  n.  587.  p.  17.  592. 

Soft  IW/3  (i-)  p.  ii.  n.  29,  T&* 
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Tlje  Sun  agitated  by  a  fntall  Motion,  (2.)  p.  155.  n.  95^7* 
p.  235.  n.  1266. 

•  - - — the  Effetts  of  its  Motion ,  p.  235.  n.  116 7. 

- turns  round  its  Axis ,  p.155.  n.  957.  p.  180.' 

n.  1071. 

— -  1  •fems  to  be  mov'd  by  the  Motion  of  the  Earth , 

p.  164.  n .  996.  and  fol. 

“  why  it  appears  larger  near  the  Horizon,  p.  67* 
n.735. 

Eclipfe  of  the  Sun,  p.  176.  n . 

- - -different  in  different  Places ,  p.  179.  n.  10 65 . 

•  - when  it  happens ,  p.  1 18.  n.  1059. 

- partial ,  p.  180.  n.  1 067,  1068. 

■  - total,  p.179.  n.  1067,1068. 

—  central ,  p.  180.  n.  1068. 

- - annular ,  ibid .  n.  1070. 

The  Weight  of  the  Sun,  p.  231.  n.  1255^ 

—-Gravity  on  its  Surface ,  ibid .  n.  1258. 

- - its  Denfity ,  p.  ibid.  n.  1260. 

Solidity  0/  Matter,  (1.)  p.  4.  n.  9. 

Solftices,  (2.)  p.  195.  n.  »155. 

Sound  depends  upon  the  Air ,  (1.)  p.  249.  n.  504. 

- its  Intenfity ,  p.  253.  n.  515.  and  fol. 

■  mt"it  is  augmented  in  Air  comprefs’d,  p.  253.  n.  51 6, 
- its  Celerity ,  p.  251.  n.  508.  and  foil. 

Space.  See  Vacuum . 

Sphere,  parallel ,  (2.)  p.  190.  n- 1123,  1124. 

•  - oblique ,  p.  ibid.  n.  1125.  and  fol. 

- - Tight,  p.  192.  n.  1138,  and  fol. 

-—Fix'd  Stars,  (2.)  p.  150.  «.9 23.  p.  202.  n.  119$. 
fol 

•- - found  to  be  very  numerous  by  the  Help  of  Telefcopes, 

p.204.  n.  1202. 

—  fome  of  them  periodical ,  p.  204  n.  1203. 

— —  'forne  of  them  have  appear'd ,  and  then  totally  dif ap¬ 
pear'd,  ibid .  n.  1  204. 

White  Spots  in  the  Heavens ,  (2.).  p.  204.  n.  1205. 

The  Confonances  of  Strings,  (1.)  p  2 55.  532.  andjf ol. 

The 
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The  Motion  of  forne  Strings  communicated  to  others ]  p.  2  5  <5. 
n.  53  5.  and  fol. 

Syphon,  (1.)  p.  233.  n.  467,  459.  p.  234.  n,  470. 
Po/tftt  0/  Sufpenfion,  f  i.)  p.  28.  n.  85. 

Ptowj' Syftem,  (2.)  />,  150.  #.922. 

- - an  Explanation  of  it  according  to  the  Principles  of 

Natural  Philofophy ,  (2.)  p.  235.  n,  1275. 

Syzygies,  (2.,)  175.  n.  1044. 

T 

Telefcope ,  (2.)  p.  7^;  °»  7^* 

-Aflronomical,  ibid.  n.  769, 

* proper  to  view  terrefirial  Ob  jells  y  pi  77,  n.  772# 
p.  77.  n.  775. 

^  not  mre  perfeEly  p.  122.  n.  857J 
Thermometer,  (2.)  p.  19.  #.598,  599. 

Natural  Things,  (1.)  p.  1.  #.  1. 

Tide,  (2.)  p.  274.  n.  1395.  W  fol. 

•—derived  from  the  Influence  of  the  Sun  and  Moon, 
p.  n.  1390.  and  fol. 

The  Forces  of  Influences  determined,  p.  273.  n.  14 1 6,  and  f. 
Time,  (1.)  p*  20.  #.51,52. 

Mean  Time,  (2.)  p .  194.  n.  1145. 

Tone  (1.)  />.  255.  b.  522. 

— - grave,  ibid. 

- acute ,  ibid. 

Tropics,  (2,)  />.  183.  b.  1089.  />.  188.  #.  1 1 1 4. 

Tubes  with  Gun-powder,  (2.)  p.  22.  n.509. 
Tranfparent  Body,  (2.)  p.  104.  n.  840. 

The  Parts  oj  aU  Bodies  tranfparent,  ibid.  n.  841. 
'Tranfparent  Bodies  become  opaque  upon  the  Separation  of 
their  Parts ,  p.  io5.  n.  844. 

Speaking  Trumpet,  (1.)  p.  258.  n.  543. 

Twilights,  (2.)  /M94.  n.  1149.  and  fol. 

V 

A  Vacuum  is pofftble,  (1.)  p.  5.  n.  13, 
its  Properties ,  (1.)  p.  7.  n.  15. 

•its  real  Exi fence  in  Nature 3  (2.)  p.  217, 11.1239? 


and  fol 
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Velocity,  (i.)  p.  20.  n.  53. 

Venus,  (2)  p.  155.  n.  959. 

•  - it  is  an  Affemblage  of  Stars ,  p.  204.  n.  1200.' 

Vibrations  of  Pendulums .  See  Pendulums* 

- —  of  Fibres.  See  Fibres. 

Vifion,  (2  )  p.  6 2.  n.  71 6. 

DiftinB  Vifion,  p.  6 3.  n.  717.  />.  64.  n.  724.  65.’ 

«•  728. 

Confufed  Vifion,  p.  63.  n.  718. 

Judgment  concerning  the  Drfiance  of  Objetts  feen,  p.  66. 

n.  729.  and  fol.  , 

Apparent  Magnitude,  p .66.  n.  733. 

Judgment  concerning  the  Magnitude ,  ibid.  n.  734.’ 

.Vifion  thro  a  plane  Glafs ,  (2J  p.  <58.  n.  739.  and  foii 

- thro  a  convex  Lens ,  (2.)  p.  69.  n.  745.  fol. 

—  thro  a  concave  Lens ,  (2.)  p.  72.  n.  757. 
—Objetts  appear  magnified  in  Water,  (2.)  p.  69. 
n.  744. 

W 

Wave  0«  the  Surface  of  a  Fluid ,  (1.)  p.  201.  n.  402. 
p.  202.  n.  405. 

•  - Breadth  of  it,  p.  202.  n.404. 

- Motion  and  Reflexion  of  it,  &c.  p.  201.  n.  402. 

Jp.  202.  «.  405» 

•  - Celerity  of  them,  p.  208.  n.  416. 

Wave  in  Air,  p.  2^9.  n.  47^ 

- - Motion  of  them  and  Celerity ,  &c.  p.  240.  n.  477. 

and  fol. 

Water  is  melted  Ice,  (2.)  p.  20.  n.  604. 

Wedge,  (1.)  p.  43.  «.118,119. 

Point  of  the  Weft,  (2.)  p.  187.  n.  1103." 

Wheels  with  Teeth,  (1.)  p.  39.  n.  114. 

Whitenefs,  (2.)  p.  124.  n.  870. 

- - 'refulting  from  a  Mixture  of  Colours,  ibid.  «.871; 

and  872. 

A  white  Body  grows  warm  fooner  than  other  colour'd  Bo - 
-  dies,  p.  145.  n.  909 

Shining  Wood,  (2.)  p,  13.  n.  578.  Ze- 
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Z 

Slenith,  (2.)  p ,  18 6.  n.  1099. 

Zodiac,  (2.)  p .  1 66.  n.  1008,  1009. 

- its  Signs,  p.  1 6$.  n.  999.  p.  202.  n.  1191,  1192* 

Zones,  (2.)  p.  1 96.  n.  1159.  and  fol- 
- — Phenomena  of  the  Frigid  Zones,  p.  1 96.  n.  116 5, 
p.  197,  n.  1170.  and  fol.  p .  199.  n.  ii7<5.  fol. 
r—'Of  the  "Temperate  ones ,  p.  196.  n.  1165.  and  fol. 
p.  199.  n.  1175.  W  fol. 

‘ Torrid  Zones,  196.  11 63,  1167.  p .  199. 

1179,  fol. 


FINIS, 


ERR  AT  A  and  ADDITIONS 


FOR  THE 

Firft  Volu  m  E. 

i  ■•if 

IN  the  Dedication,  Page  3.  1.  3.  read  tho'  feme.  In  the  Pre* 
face,  p.  viij.  1.  7  dele  a  wonderful  regularity,  p.  ix. 

j  j  and  6.  r.  have  our  Deductions  to  he  juft,  but  our  Notions  muft  agree 
with  the  Things  about  which  we  reafon ,  p.  XV.  1.  19.  r.  appear r  to 

\  be  certain. 

Page  2.  for  may  always  be,  r.  is.  p.  <r.  1.  19.  dele  confe- 
quently.  p.  5.  1.  21,22,  13.  r.  that  there  might  be  an  infinite 
Body,  and  finch  a  Body  wou’d  have  no  Figure,  p.  7.  1.  12. 
r.  But  that.  1.  14.  r.  and  as  it  is  finite,  p.  8.  1.  34.  r.  1  hey  at> 
}  tribute  the  Properties,  p.  il  l.  20.  r.  the  clofier  that  Cohefiort 
i  is,  the  nearer  a  Body  approaches,  p.  14.  1.  15.  dele  Jikewife. 

p.  22.  1.  11.  r.  in  unequal,  p.  25.  1.  19  after  Time.  r.  everywhere 
[  p.  30.  1.  19.  r.  unequal  Parts  p.  3?.  1.  16.  r.  Plate  III.  lig.  3. 
p.  43. 1.  5.  r.  but  thefie  1  6.  the  only  ufies  of  Mechanics.  1.  7.  dele 
are  not  confin’d  only  to  thefie  Methods,  p.  44.  1  19-  r  and  have, 
p.  54.  1.  29.  after  of  the  others,  add.  It  is  very  hard  to  make  this 
periment  exaftly,  becaufe  the  Body  M  in  its  fall,  does  noc 
•  exaftly  ftrike  the  fame  Point  of  the  Brachium  B  every  Time. 
I  But  by  the  following  Method  there  never  happens  any  fienfible 
I  Error-  Let  there  be  a  fmall  Hole  at  the  End  of  the  Brachium 
B  ;  in  which  Hole  muft  be  faften’d  a  fmall  Cord,  of  the  Length 
;>  ofthree  or  four  Fee'  at  leaft,  hanging  down  below  the  Machine, 
and  fuftraining  a  Brafis  or  Leaden  Ball  of  about  two  Ounces. 
If  this  Ball  be  rais’d  to  different  Heights,  and  then  let  fall  for 
as  to  move  the  Balance  by  the  Pull  that  it  will  give,  the 
Squares  of  the  Weight  rais’d  by  the  oppofite  End  of  the  Beam , 
will  be  exaftly  as  the  Heights  from  whence  the  Ball  is  lee 
fall.  By  this  Method,  onemay  eafily  (without  any  Error)  de¬ 
termine  the  Height  from  which  the  Ball  is  let  fall,  and  the 
ftroke  will  thus  always  exaftly  aft  upon  the  fame  Pome  of  rhe 
Srachium  B,  and  by  reafon  of  the  Length  of  the  itnng  never 

X  bjt 


ERRATA 

be  fenfibly  oblique.p.  64.  1.  i8.r.  of  a  Pendulum;  p.  68.1.  29. 
r.  Pipe  of  Brafs.  p.  7J.  1.  17,  and  )  8.  r.  Oil,  and  all  the  Parts  muft 
be  join’d.  1. 19.  r.  the  Ring, then  put  in  the  Clay,  and  take  them, 
p.  91.  1.  6.  r.  Diagonal  a  7.  p.  108.  lin.  penult,  after  the  Ball, 
add,  in  the  Part  I  F  of  the  Trough  where  the  Ball  Lis  not,  that  is 
at  F  upon  the  Table  A,  near  G  a  flat  piece  of  Wood  muft  hang, 
making  a  right  Angle  with  the  Sides  of  the  Trough,  and  mo¬ 
ving  very  freely  about  its  upper  Side  by  help  of  a  Brafs  Wire 
going  thro  it.  At  F,  on  one  of  the  Sides  of  the  Trough  with¬ 
in,  is  fix’d  a  w'ooden  Spring  made  faft  there,  but  loofe  at  G, 
towards  which  it  goes ;  fo  that  this  loofe  Fnd  of  the  Spring 
may  be  retai  l’d  in  a  vertical  Slit  or  Grove,  made  in  the  little 
flat  Board  above- mention’d  ;  but  it  muft  ftick  in  it  but  very 
little,  and  therefore  the  Spring  muft  be  cut  narrow  at  that  End. 
A  String  muft  be  fixd  to  the  hanging  Board,  and  be  fo  join’d 
to  the  String  G  L,  that  the  Ball  L  may  not  recede  from  the 
Center,  and  raife  the  Weight  in  the  Foot  of  the  Table,  with¬ 
out  pu'ling  the  above-mention’d  vertical  Board  forwards,  and 
letting  loofe  the  Spring  which  will  then  ftrike  againft  the  Side 
of  the  Trough,  fo  that  the  Blow  may  be  heard.  The  fame 
muft  be  faid  of  the  Trough  on  the  Table  B :  As  for  fome  few 
other  Alterations  made  fince  in  the  Machine,  I  fhall  rake  no 
Notice  of  them.  p.  ti2.1.  14.  r.  Forces,  that  Time  may  be  con- 
fider  d  as  the  Velocity,  p.  1 1 6. 1.  10.  r.  of  this.  1.  1 1.  r.  of  that. 
1  penult,  r.  put  a  Bail.  p.  127. 1.  31.  r.  the  Motions  of  Cords 
with  the  Motions,  p.  128. 1.  6.  r.  Vibrations  are.  p.  135. 1.  2.  de- 
jf  no.  p.  136.  1.  15,  and  16.  dele  or  loweft.  p.  139.1.  13.  del* 
from.  p.  140. 1.  9.  r*  Plate  B.  p,  1 50. 1.  8.  r.  lofe  unequal,  p.  153. 
1.2  .  r.  immesfed  in  Water,  p.  154. 1.2,  dele  the.  p.  162. 1.  15. 
v  the  Refiftance  from.  p.  165;.  1.  25.  r.  Quantities  of  Matter,  p. 
167,1.  17.  r.  defer. b’d  by  the  Afcent  of  a.  p.  169. 1.  23.1.  Points 
(keeping  the  fame  Proportion^,  p.  173.  1  23.  r.  inftead  of  in 
Vacuo  r.  in  a  Medium  of  the  fame  Denfitv  not  refifting,  if 
there  cou’d  be  fuch  a  Medium.  1.  ult.  after  in  Vacuo,  add,  The 
Heights  to  which  a  Body  wou’d  afeend,  with  the  fame  Velo¬ 
city,  in  a  \  acuum  and  in  a  Medium  not  refifting,  are  to  one 
another  inverfely,  as  the  Gravities  of  the  Body  in  Vacuo,  and  in 
tuch  a  Medium  ;  but  this  is  the  refpe&ive  Gravity  of  the  Bo¬ 
dy.  The  Truth  of  this  Propofition  appears  by  comparing  the 
1  i3'7>  4G  149.  p.  174.I.  22,  and  23  r.  the  whole 

Effeft  of  the  Preflure.  p.  1  go.  1.  3 ,  and  4  r.  there  is  alfo  to  be 
obferv  d  another  A£Hon  of  the  Air.  p.  182.].  15,  and  16.  r.  an 
naif  long,  eight  or  10  Inches  broad,  p.  187.  1.  17.  r.  the  Times, 
p.  08.  1.  4.  r.  G  is  lefs  diftant  from  the  Surface  of  the  Water. 
J*  an“  6-  r;  inftead  of  the  Surface  of  the  Water  r.  it.  p.  198. 

K  r-'  °f  the  Square  Roots-  P-  J91- 1.  3*  r.  till  this  has  loft  aM 
sts  Motion,  p.  194, 1.  10.  r.  The  VeflelsA,  Eand  p,  305.  1.  19. 
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r*  Leg  G  H.  p  aio.  1.  14.  r.  cannot  be  prefs’d.  p.  21I.I.  12. 
r«  half  a  quarter.  1.  2}.  r.  in  that  manner ;  which  Predure  pre¬ 
fects  them.  p.  215.  1.  15.  r.  lefs  comprefs’d.  p.  216.  1.  20. 
r.  2000  times.  1.  5 6.  r.  between  rhe  Centers  of  the  Particles  is 
diminifh’d.  p.  217.  1.  28.  r.  increas'd  in  the  Ratio.  1.  29.  r,  Di- 
ftance  between  the.  p.  22 r.  1  12.  r.  Glades  to  be  exhaufted, 
are  fet  1.  15.  r.  which  is.  p  225.  1  29  r.  D  C.  p.  335.  1.  30. 
r.  fuftalns  p.  237  1.  15.  r.  the  VelTel  A  B.  p.  242.  1.  28. 
r.  tho’  Elafticiry  a  as.  p.  243.  ].  32.  r.  from  the  Middle.  Point 
of  the  Space,  p.  246.  1.  4.  r.  the  Ratio  compounded  of  thefe 
1 .  5.  dele  compounded,  p.  249  1.  19.  r.  Wire  b  d.  p.  2  1.  14. 

r.  108©  French  Feet.  p.  253.  1.  2!.  r.  is  dire&ly.  1.  22. 
after  coming  add,  and  inverjly  as  the  Breadth  of  the  Wave.  p.  259. 
At  the  End,**W,  and  the  great  End  thro’  which  the  Sound  goes 
out,  muft  be  fpread  ouj  round  to  carry  the  Sound  every 
way. 

ERRATA  in  the  Numbers  in  the 

I  1  k  y  J  *  . 

Margin,  which  mark  Propofitions, 
or  refer  to  them. 

Page  20.  againd  line  17.  read  N°  52.  p.  31.  1.  24.  r.  (94.) 

p.  32. 1.  2.  r.  C95.)  1.  $■  t.  (9 6.)  1.  8.  r.(97.)  inftead  of  98. 
1.  13.  r.  (98. J  p.  44.  1.  5.  infert  ("*70 J  referring  to  the  Word 
Height*,  p.  58.I.  19  r.  (146J  p  83.  1.  antepen.  for  ('  120.) 
r*  (*  126.)  p.  100. 1.  14.  r.  (210.)  p.  103.  1.  ulc.  r.  (*  138)  refer¬ 
ring  to  the  Word  Celerities  *.  p.  104.  1.  18.  r.  (217.)  p.  m. 
1.  12.  dele  (231.)  and  write  it  3  Lines  lower,  p.  134.  1.  27.  dele 
(272.)  p.  147.I.  13.  r.  (290)1.  32.  r.  (291.)  p.  1 5 4«  1  2. 
r.  (306J  1.  7.  r.  ( 307.)  p.  167.  1.  30.  for  ^159.)  r.  (*156.) 
p.  1 7 1.  1.  26.  for  (247.)  r.  (347-)  P  1 72-  h  3-  r.  (349  )  p-  220. 
L  28.  r.  (435J  p.  240  1.  8.  for  (703  )  r.  (403.)  p.  246.  1.  2.  for 
(*480.)  r.  (*  489J  p.  247.  1.  29.  r.  (*  434  )  referring  to  the 
Word  Cold.  *  p.  249.  1.  14.  r.  (504.)  p.  250.  1.  5 1.  for  (*  215) 
r.  (257;  p.  252.  1.  2c*  for  (499J  r.  (442.)  p.  253. 1.  13.  r.  (514.) 
P  254  1.  33.  for  C  n<S)r.(f  $i6.)  p.  258.  1.  34-  for  (54O  r. 
(543. 


ER  R  A- 


ERR  AT  A. 


T  »  V  eJ 
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PL  II.  Fig,  6 .  under  Number  (9).  there  'fhou’d  hang  two 
Weights  inftead  of  one.  Pi.  III.  Fig- 7.  In  the  middle  be¬ 
tween  A  and  B  put  in  the  Letter  C.  PL  IV.  Fig .  4*  The  Weight 
Pmuft  be  mark’d  with  Number^).  PU  5.  Fig •  5.  the  little 
Weight  muft  be  mark’d  M.  Pi  VI.  Fig •  2.  the  Weight  6  muft 
be  mark’d  P,  and  the  Weight  (i)  M.  Fig.  3.  the  Rope  fhou’d 
be  brought  over  the  loweft  of  the  upper  Pulleys  to  the  Top  of 
the  Box  of  the  lower  Pulleys.  Fig.  7.  The  Ends  of  the  fcrew’d 
Wire  that  goes  thro’  FF,  muft  be  mark’d  g  g,  and  the  two  Pul- 
lies  muft  be  mark’d  d  d,  Fig.  9.  The  End  of  the  Handle  muft 
be  mark’d  D.  Pi-  7.  Fig.  7.  The  Pulley  mark’d  C  fhou’d  be 
mark’d  G.  Fig.  9.  The  String  that  goes  to  P  fhou’d  come  on 
the  Infide  of  the  Pins.  Pi.  8.  Fig.  2.  The  Letter  D  fliou’d  be 
at  the  Ball  between  P  and  B.  PI.  9.  Fig.  7.  The  Pins  />,  p,  p9 
j>,  fhou’d  have  Holes  at  their  Ends.  PL  14.  Fig.  3.  The  Weight 
P  fhou’d  be  mark’d  (2.)  PL  27  Fig .  1.  The  fmall  Tube  g  C 
fhou’d  have  e  at  Top. 
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N  N  A  LS  of  K.  George,  in  5  Vol. 


— ..  .  Sw 

Adventures  of  Telemachus  in  Englifhby  Bcycr>  12 o* 

- with  Cuts,  by  Ozel.  2  Vol.  -  \2mc 9 

- Of  Capt.  Falkner,  — .  ■■■  ■  Sw. 

_ Of  Theagenes  and  Chariclea,  done  from  the 

Greek  of  Heliodorus,  -  12 mo* 

-  8  vo* 

-  8  vo. 

1  2  mo. 

-  8vo. 

J  2  mo. 

-  8  vo. 

\2mo. 

—  8  vo. 

—  8  vo. 


A  lh mole’s  Hiftory  of  the  Garter  abridged, 

A  rvvaker’s  Fables,  -  * 

Art  of  1  hinking,  - 

Art  of  Self-Government,  - - — 

Art  of  Speaking, -  - - 

Art  of  Painting,  by  Frelhoy,  — 

Academy  of  Complements.  — ~ 

A tianifme  confuted,  by  C.  Place.  M.  A. 

Antiquities  of  York,  — 

Advice  to  a  Son,  directing  him  howto  demean  himtelt  in  the  molt 

12  mo. 

8  VO. 
12  mo» 
12  mo. 
12  mo. 
-  81 )0. 
1  ±mo. 

1  ✓  mo. 
12  me, 
8  vo. 
Fol . 
Si  '0. 
12  mo. 


important  Paflages  ot  his  Lire, 
Abridgment  of  the  Statutes,  5  Vol 
Addifon’s  Travels  to  Italy, 


His  Notes  on  Milton’s  Paradife  Lod, 
His  Cato,  Campaign,  and  Rolam  nd, 


BUIdrode’s  Memoirs  of  K.  Charles  Land  IT.  — 
Blackmore  (Sir  Richard  )  Pr.  Arthur,  a  Poem, 
- - His  Job,  a  Poem, 


-His  Poem  on  the  Creation, 


Bellini’s  Mechanical  Account  of  Fevers,  ^  —  - - 

Bayle’s  Critical  and  Hid.  Dictionary  in  4  Vol.  - - -  ' 

Boyer’s  French  and  Englilh.  Dictionary,  — 

Brown’s  ludin  in  Englilh,  ~  .  ~Z  “  c 

Boulton’s  Sydem  of  rational  and  practical  .  urgery,  bvo. 

_ _ Treadles  of  the  Gout,  Kings  Evil  and  t  ren^n  Diieale,  cvo. 

Boetius5  of  the  Conlolation  of  Phibtbphy,  tranftated  by  the  Lord 
Vile.  Prefton,  during  his  Confinement  in  Newgate,  ^  -  1  ~mo. 

Bo vle’s Theological  Works  abridged,  with  his,  Lire,  giving  a  large 

Account  of  his  Philofophical  W  orks,  in  3  \  ol.  j -  j>w. 

Belcarras  (  Earl)  Account  of  Scotland  at  tlx  Revolution,  — -  bvo. 
Barrow  of  Contentment,  Patience,  and  Resignation  to  the  Divine 

Will,  —  —  — 

Buchanani  Epidolae,  —  ~  n  r  „1  0  JOm 

Beveridge  (  Bp.)  his  Vindication  or  the  old  1  rand,  ol  tne  1  lalips, 
^  12  mo. 

. _ His  Thefaurus  Theologicus,  4  Vol.  —  .  —  —  8y# 

_ _ HisPrivate  Thoughts,  in  2  Volumes  with  Cuts,  —  bv9 

_ _ His  Espofition  of  the.  3  9  Articles,  —  —  Folk  and  8u 

A  - - H 


(  2  ) 

“Ncceffity  of  publick  Prayer,  and  frequent  Communion,  in 

%vg»  and  12 mo. 

Barrow's  Works,  2  Vol.  » — - _  - - -  Folio^ 

Bibliotheca  Biblica,  or  a  Commentary  on  the  Bible,  published 

Monthly,  ^  ^  - — —  - —  _ - -  4to. 

Bide  (  Dr. J  his  Sermons  on  the  Com.  Prayer,  - -  8l'<7.. 

Blackail  (  Bp.)  his  Sermons  pubiiihed  by  himfelf,  Vol.  the  2d.  Svo. 

Beza’s  Lat.  Ted.  - ,  -  -  - - ,  12 mo 

Brown’s  Spelling  Rnnlr,  -  — -  — — *  8  vo. 

Boyfe’s  Expofition  of  the  39  Articles,  _ -  _ T  Folio . 

Bloom’s  Hi  dory  of  the  Bible,  — - -  _ -  ^to. 

Burnet  (  Bp.)  his  Sermon’s,  with  an  Elfay  towards  a  New  Book  of 

Homilies,  wrote  at  the  Requed  of  A.  Bp.  Tillotion,  - _ __  81/5* 

Bides  Art  of  Englifn  Poetry  in  4  Vol.  being  a  complete  Common 
Place  Book  to  the  Works  of  our  mod  eminent  Poets,  -  12 mo* 

Bridle  for  the  Tongue,  —  .  - _ _  _  QVn 

Blunt’s  EiTays,  _ _  to! 

Convenient  Prayer  Book  for  private  and  family  Ufe,  by  the  Au¬ 
thor  of  the  Clergy-man’s  Companion  in  vifiting  of  the  Sick,  8 vo. 
Complete  Hid.  of  Magick,  Witchcraft  and  Sorcery,  — , —  ,  i2 me* 

Curie  of  Popery  and  Popifh  Princes  to  England,  demondrated  from 
the  Debates  of  Parliament  relating  to  the  Exclufion  ol  Tames 
Duke  of  York,  _ _  . _  ___ 

Catechumenorum  Duffcor,  collected  from  the  Writings  of  the  bed 
Catechids,  -  -  '  l2m0a 

Cambray  (A.  Bp.)  of  the  Exigence  of  God,  — _  \2mo. 

Chfonicon  Pretiofum,  or  an  Account  of  Engliih  Money,  the  Price 
of  Corn,  &c.  for  the  lad  600  Years. 

Culpeper’s  Englifli  Phyfician,  « — — 

p — — —His  Difpenfatory,  . 

Midwifery,  _  . 

* -His  School  of  Phyfick,  - . - . 

Clark’s  Body  of  Divinity,  confonant  to  the  Doctrine  of  the  Church 

of  England,  2 Vol -  - - -  _____  gj. 

8  VO, 

1 2  mo. 

Folio * 

8  vo, 

12  mo* 

1 2  mo. 
i  2  mo» 


12  mo* 

1 2  mo, 
1 2  mo, 

8  vo. 


Cole’s  Latin  and  Englifli  Did. 

Clerici  Logica,  — . 

Chillingworth’s  Works, 

Ca&faris  Comment.  Nods  Delph. 

r--"" Idem,  without  Notes,  *  _ 

Country  Gentleman’s  Vade  Mecum, 

Continuation  of  the  Turkifh  Spy,  1 _ _ _ 

ColleAion  of  Tra&s,  wrote  in  Defence  of  the  Church  of  England* 
Recommended  by  Dr.  Hickes.  .■— , - -  g^5 * * 8 * * * 12 

Colleaion  of  Divine  Hymns  and  Poems,  hy  the  moil  eminent  Hands:' 
pubiifhed  by  Mrs.  Singer.  * 

Complete  Sports-man,  witli  all  the  Laws  relating  to  the  Game, 

i2moQ 

-  §  V0S 

Cow® 


Complete  Bidiller, 
Complete  Clerk,  , 


»r.«gnr^J 


Cowell’s  Interpreter,  - - — . 

Cozens  (  Bp.)  his  Devotions,  - 

Cohesions  oh  Tryals,  4  Vol. - - 

Congreve’s  Works  in  3  Vol.  - — 

Clarendon’s  Hidory  of  the  Rebellion  in  6  Vol. 
The  fame  in  large  Paper, 


- -  Folfa 

- — .  12  me* 

_ _ _  Folio • 

-  I  2  WO* 

_  _  8  vo* 

-  8  vo* 

Collection  of  Novels  and  Tales,  written  by  that  celebrated  Wit  ot 
France,  the  Countefs  D’Anois,  in  2  Vol.  now  Brit  tranflated  into 
Englilh  by  feveral  Hands.  1 2/5W* 

Carelels  Husband,  a  Comedy, by  Mr.  Cibber.  i2mo. 

Chamberlain’s  State  of  Great  Britain,  - — —  * 

Cowley’s  Works,  — — —  ■  —  •  - —  \2mo. 

Clark’s  Concordance  to  the  Holy  Bible,  ■  — —  12 wo* 

Chale’s  Euclid,  —  ■"  — -  - -  - - -  8 vo • 

Critical  Hidory  of  the  Doctrines  and  Worfhip,  both  Good  and  Evil, 
from  Adam  to  our  Saviour  Jelus  Chrid.  Giving  an  Account  ot 
all  the  Idolatries  of  the  antient  Pagans,  with  the  State  of  the 
Jewilh  Church  during  that  Period,  bv  the  learned  Mr.  ]urieu  in 

2  Vol.  in  8  m - -N.  B.  Thefe  2  Vol.  with  Dean  Prideaux’s 

Connection,  are  the  bed  Account  ol  Eccleliadical  Hidory  from  A- 

dam  to  our  Saviour’s  Time,  - - —  -  8m 

Court  Tales,  or  the  Amours  of  the  prefent  Nobility,  with  a  com¬ 
plete  Key,  -  - - —  ■ - -  8m 

Cadalio’s  Kempis  cum  Figuris,  1  - —  i2mo. 

Cunn  ot  F rations,  —  —  — 1  8m 

Theatrum  Scotia  :  Containing  Views  of  the  mod  remarkable  Build¬ 


ings  in  Scotland. 

DAvenant  ( Dr.)  his  Report 

&c.  -  - 


to  the  Commiflioners  of  Trade, 

_  _ _  8m 


D’aifigny  againd  the  Auabaptids,  - 
Devout  Chridian’s  Daily  Exercile, 
Donne’s  Poems  on  feveral  Occasions 

Dryden’s  Plays  6  Vol.  - 

- - His  Mifcellanies  6  Vol. 

- - Virgil  in  3  Vol. 


His  Tranflation  of  Ovid’s  Art  of  Love,  with  Cuts. 
J  uvenal. 


1 2m  0, 
1 2  mo, 
1 2  mo, 
1 2  mo. 
12  mo. 

8  m 
12  mo. 
1 2  mo. 
1 2  me. 
1 2  mo. 


Devil  on  two  Sticks,  — - *  - - 

Didrefled  Mother,  a  Tragedy,  bv  Mr.  Philips,  _ - 

Devout  Communicant  exemplified  in  his  Behaviour,  before,  at, 
and  after  receiving  the  holy  Sacrament,  '  ""  1  ^mo. 

Difcourfe  of  God  s  Fore-knowledge  and  Mans  Fiee-agepcy,  where¬ 
in  their  feeming  Oppofition  is  reconciled,  £:c.  4th  Edition.  ^  • 
Difpenfary  a  Poem  in  6  Cantos, by  Sir  Sam.  Garth, with  a  com pl.K  ey. 
Daventer’s  Art  of  Midwifery  improved,  -  8m 

Drelincourt  of  Death,  — -  — *  •• 

Dugdale’s  Monadicon  Anglicanum  in  Englilh,  adorned  with  above 
one  hundred  Cuts  of  the  mod  celebrated  Religious  Houf:s,  Ycl. 

Divine  Breathings,  * 

A  2  Dio- 


Diodorus  the  Sicilian,  his  Hidorical  Library  in  Englifh,  containing 
the  Antiquities  of  Europe,  A/ia,  Africa,  end  Greece,  &c.  —  Folio, 

Denham  (  Sir  John)  his  Works,  in  _ _ _  \2mo. 

An  exa&  Defcription  of  the  total  Eclipfe  of  the  Moon,  Au^ufl 

29,1718. 

ENtertainer,  containing  Remarks  on  Men,  Manners,  Religion, 
Policy,  &c.  ^  12 mo. 

Erahni  Colloquia  Notis  Binaldi,  _ _ _  limo. 

The  EfHgles  of  His  Majefcy  King  GEORG  P,  curioufly  engra¬ 
ven  from  Sir  Godfrey  knelled s  Fainting.  Together  with  the  late 
Mr.  Secretary  Addifods  Poem  to  Sir  Godfrey  KneUer,  occafioned 
thereby. 

Englifh  Exportor,  .  — — -  _  12 mo, 

Eulebius.’s  Ecelefiadical  Hi  (lory  in  Engl.  -  Folzc, 

Etheridge’s  Plays,  - °  — -  \2mo] 

Echard’s  Ecelefiadical  Hidory, '  Being  a  Continuationi  of  Dean  Pri- 
deaux’s  Connexion,  — _ — — —  Folio, 

— His  Hi  dory  of  England,  ..  Felio, 

r— His  Roman  Hidory,  5  Vol. 

«— — - -HisClaffical  Di&ionary,  _ _  nmo, 

FOntenelle’s  Dialogues  of  the  Dead,  _  $VCa 

The  Bead  of  Divine  Love,—  ~~ _ r  1 2mo. 

Pair  Warnings  to  a  careleis  World,  giving  an  Account  of  the  Be- 
haviour  of  the  late  E.  of  Rocheder,  and  other  remarkable  Peni¬ 
tents,  adorned  with  Cuts,  3d  Edit.  — . — . -™  \2mo 

A  Funeral  Girt,  ora  Preparation  for  Death,  &c.  ■ — —  \2mo, 

GReat  Importance  of  a  religious  Life,  _  \2mo, 

Grammont  ( Count)  his  Memoirs  of  the  Court  of  England 

with  a  complete  Key,  . .  5 

Gay’s  Shepherds  Week,  in  6  Padorals, 

Hoop-Petticoat,  a  Poem. 


3V" 


Gerhard’s  Meditations, 

Gregory’s  O  pricks,  ^  n.,  ^ 

German  DoAor,  2  Vol.  « _ 

Gentleman’s  jockey,  «— — 

Goodman’s  Penitent  Pardoned, 

—  -  Winter  Evenings  Conference, 
-'■■■  Golden  Rule,  — — — - 

C 

— — sermons,  ■ _ 


• — --Old  Religion,  — , __ 

— — — Compaffionate  Enquiry, 
Gregory’s  IS!  omen  datura, 

« — Etymologicum  Parvum, 
Greenwood  of  Courts, 
Guardians  in  2  Vol. 


Gr.  Ted.  with  Marginal  Notes,  — - 

Gin  Ion’s  Anatomy  of  Human  Bodies  E  pi  tombed,  with  Cuts 
Gedcie’s  Traits  in  3  Yol.  3 


8  w, 
8voe 

1 2  mo, 
8vp, 
\lnuo, 
8vo, 
8  vo, 
8,vo, 
8 vo, 
8  vo, 
1 2m g, 
8vcr 
%VQ. 

8  vo, 
8vo, 
1 2  mo, 
8v0, 
8 vo, 
8  vo. 
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Opkins’s  Works, 


H  Hittory  of  England  in  3  Vol. 

Hatton’s  Pfalter,  — - 

Hammond’s  Devotions, 


Heraclitus  Ridens,  a  Dialogue,  &c.  2  Vol. 
Hopkins  ( Bp.)  his  Works, 


Hope’s  complete  Fencing  Matter  with  Cuts, 
■Swordfman’s  Vade  Mecum, 


Hittory  ot  the  Revolutions  of  Sweden,  by  Abbot  Vertot, 

- - Of  the  Revolutions  of  Rome,  by  the  fame  Author, 

Of  the  Turks,  4  Vol. - -  - - — • 


Hartland’s  Spelling  Book, 


Polio4 
Folio 
I  imo' 
\2mo* 
1  2 

Folio» 
S  vo* 
81/0. 
8  vo» 
8  vo» 
8  vo* 
\2to0. 


Hawksbee’s  Phyfico  Mechanical  Experiments,  adorned  with  Cuts, 

the  2d  Edition  with  large  Additions,  — - - — 

Hudibras,  adorned  with  Cuts,  - — •  Sw.  an<^  12 m0* 

Homer  Notis  Sylvani,  -  ■  1  —  \2mo* 


Hittory  of  Nature,  emblematically  exprefTed  in  near  one  Hundred 
Folio  Copper  Plates,  wherein  are  alfo  reprefented  all  the  Operati¬ 
ons,  Faculties  and  Paflions  of  tlie  INI ind,  according  to  the  Man¬ 
ner  ot  the  moll  celebrated  Poets  and  Philciophers,  defigned  and 
engraved  by  the  heft  Artifts,  with  an  Explanation  at  large  under 

each  Figure*  — - -  - -  Folio* 

Hittory  of  the  Prefs-Yard,  - - -  — —  isvo* 


Hickes  (  Dr.)  his  3  Ihort  Treadles  in  Defence  of  the  Priefthood  and 
true  Rights  of  the  Church,  in  Anfwer  to  a  Bbok  falfly  call  d,  the 

Rights  of  the  Chriftian  Church,  - - — —  1  1 

- His  Sermons  on  feveral  Occafions  in  2  Vol.  - 


Hill  (  A.  Deacon)  his  Anfwer  to  the  Rights  of  the  Church. 
. — . — . — Of  valid  and  invalid  Baptilm, 

— - 'Of  Sacerdotal  Remiflion,  - . —  ^ 

-His  Harmony 


Hogarth’s  Grammar  Deputations, 


8  vo, 

8  vo, 
8  vc, 
8  vo, 
8  vo. 


Hoadly  (Bp.)  his  Mea lures  of  Obedience  enquir’d  into,  and  dif- 
proved  by  Mr.  Spinckes,  - — —  - - 


Howel  (Dr.)  his  compendious  Hittory  of  England  adorned  with 

Cuts.  . 

Hittorical  Account  of  Tryals,  Chronologically  digetted,  in  2  Vol. 

in  - -  -  12w?* 


Dr.  Halle/s  Defcription  of  the  Pallage  of  the  Si  adow  of  the  Mooa 
over  England,  in  the  total  Ecliple  ot  the  Sun,  April  22,  17)$. 

-His  Defcription  of  the  pallage  of  the  Shadow  of  the 


JMoon,  as  it  was  obierved  m  the  laid  Ecliple  ,  with  the  d  lanfit  of 
the  Shade,  as  it  will  pafs  over  England  in  the  next  great  Ecliple 
of  the  Sun,  that  will  happen  in  Ann-*  1724. 

A  Hexagon^  or  Scheme,  explaining  the  Terms  ufed  in  Fortihca- 

JOhnlon’s  No<ttes  Nottinghamicae,  or  Curfory  Obje<ttions  againft 

the  Syntax  of  the  common  Grammar. - —  — - Sy# 

A  % 
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Mice’s  Vade  Mecum. 

journey  thro5  France, 

Jacob’s  Effays  on  feveral  Subjects, 


W-  L4  i  > J  ^  ^  C  Jy  rr***-^, -  -  ,  , , 

Ennet  (  Bp.)  his  Sermon  on  the  30th  of  January 
KettlewelFs  Works  in  2  Vol.  in  J  * 

■Practical  Believer, 


His  Meafures  of  Obedience, 

-His  Worthy  Communicant,  - 

Sermons,  with  an  Account  of  his  Life  by  Robt 

^eMon>  L%  - - -  _  __  8m 


8  m 

12  M0» 

— «  8  vo 
Folio . 
8m. 
8m 
8  vo* 


4-tOy  8 vo3  and  12 mo. 


1 2  mo. 
8  m 

1 2  mo* 


and  Didymus,  _ 

Love  betrayed,  or  the  unexpected  Wife,  a  Novel 
Love  Letters  between  a  Nobleman  and  his  Sifter  ’ 
Lucas’s  Practical  Chriftianity,  * 

—  Enquiry  after  Happineis, 

Chriftian  Thoughts, 


♦All  his  other  Works, 

Kea)  s  Practical  Meafurer’s  Pocket  Companion. 

I  Andlord  and  Tenants  Law,  .... 

JL#  Lex  Londinenfis,  .  . 

Lady’s  Library  in  3  Vol.  ,  — — —  j 

Life  of  Pythagoras,  with  his  Golden  Verfes,  by  N.  Rowe,  EfqfC 

L°Jml  Didkm!lf°n’  demonftrated  ln  the  Martyrdom  of  Theodor* 

~~  12  mo. 

—— — —  1  2mo  • 

—  —  Sm 
—  8m 

— —  8  m 

Low  thorp’s  Abridgment  of  the  Philolbpbical  TraniHions,'  jVobZt 
Lue  an  s  Works  in  hngliih,  in  4  Vol.  tranflated  by  Mr.  Dryden  and 

Lifeol  K.  Charles  by  Mr.  Larrey,  Hiftoriographer  to  the  K.  ^f 

1  in  2  v  Ol  I» — 1 r  inri  .  BJ  Q 

Life  of  A.  Bp.  Tillotfon,  in  -v  y  j  qC ld 

Life  of  A.  Bp.  Whitgift,  .  F  Uo  d 

Life  of  Mr.  Rettlewell,  ___  FoQsZOm 

Langallery’s  Memoirs  of  the  laft  War.  "  ~ 

Livy’s  Roman  Hiftory  in  EnelilE,  '  wo. 

Lock’s  Works  in  3  Vol.  - - .  Fciiu 

-His  Paraphrafe  on  St.  Paul’s  Epiftles, 

^f5^w“Lconcerning  GoYen,me»*.  — -  12«;: 

“—His  familiar  Letters,  ~ 

Littleton’s  Dictionary,  ,  'J 

Life  of  Sir.  W.  Temole.  "  tfo. 

Leftrange’s  Afop,  a  Vol.  .  ~  hv*- 

HthEdkiolf  furprifin8  Adventures  of  Robinibn  Cruft,  in  2  Vof 


.'  6th  Edition.  - 

Ludlow’s  Memoirs  of  the  Civil  Wars  in  a  Vol 
Htfand’ M?em0irS  °f  fcot.laild’  with  a  complete  Key,.— 

Wth  on  i1aTatreS  ad°rned  ™th  Cuts> 

Lemery’s  Chymiftry, 


8  m 
8  m 
*8  vo*. 
8  m 
4  to. 
8  m 
Ma® 


M 
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Attaire’s  Edition  of  the  Claflics,  in  21  Vol. 
HisGr.  Teftament, 


Marten’s  Defcription  of  the  Weftern  Iflands  of  Scotland, 

Memoirs  of  the  Church  of  Scotland,  - 

C.  of  Morton’s  Devotions,  - - -  ^  — : 

Memoirs  of  North-Britain  in  Anfwer  to  Lockart  s  Memoirs, 

Mead’s  Conftruition  and  Ufeof  the  Globes,  - — 

Memorable  Things  of  Socrates,  — — —  - * 

Medulla  Hiltori»  Anglican»,  with  Cuts,  * - - 

Montfaucon’s  Travels  into  Italy, 


12  mo* 

12  mo* 
— Stw* 
$vo. 
M  24 o* 

c6nj0* 

S  vo* 
8  vo* 
8  vo. 
8  vo* 
- Folio ; 

Sw. 

8  VOm 

8  vo* 


Marfhall  (  Dr.)  his  Tranflation  of  St.  Cyprian’s  Works, 

- - His  Sermon  on  the  Death  of  Q.  Anne,  4th  Edit. 

_ .His  Penitential  Difcipline  of  the  Primitive  Church, 

- - His  Sermon  on  the  Death  of  Mr.  Blundell,  * 

_ _ A  regular  Succeflion  in  the  Chriftian  Church  afferted,  in  a 

Vifltation  Sermon,  -  - : —  °vc* 

Memoirs  of  Ireland  from  the  Reftoration  to  the  Revolution,  Xvo. 
Maxwell’s  Dilcourie  concerning  God.  i2mo. 

Moor  (Bp.  of  Ely)  his  Serm.  on  feveral  Occahons,  2  Vol.  ovo. 
Mr.  Marlhall’s  Chronological  Tables,  reviled  by  the  late  Bp.  ot 

Worcefter,  - - ■  - - -  ‘=’"  '  r°  * 

Mifcellanea  Antiqua,  <<tc.  by  Mr.  Oliphant,  — — —  Sw- 

Militia-Law,  containing  all  the  Laws  relating  to  the  i*jiUtia, 

Moral  Books  of  the  Old  Teftament,  Paraphrated,  -  l2ww- 

Memoirs  of  the  Life  and  Writings  of  Arthur  Manwanng,  Elq;  late 

“  *  "  O  VO* 

8  vo. 

S  vo* 
12  mo* 

1 2  mo* 
1 2  mo. 


Auditor  of  the  Impreft, 
Memoirs  of  D.  Hamilton, 
Martialis  in  Uiiim  Delphini, 


NEW  Manual  of  Devotions,  * - — 

Nicholfii  Hiftoria  Sacra  in  ufum  Scholarum,  - - — 

Nellon’s  Great  Duty  of  Frequenting  the  Cbriftian  Sacrifice 

Newton’s  (  Sir  liaac  )  Algebra,  tranflated  into  Englifh  by  Mr.  Raph- 

_ _ „  _ _  8  vo. 

_ _  _ _  8  vo« 


Ion, 


Needham’s  Hierocles,  — - — •  , 

New  General  Atlas,  printed  on  a  Fine  Elephant  I  aper,  and  adorn- 

ed  with  Maps,  -  - r"‘ 

Norris’s  Milcellanies,  in  -  — : -  .  * 

OGleby’s  Survey  of  the  Roads  ot  England,  improved, 
much  Correfted,  and  made  1  •  ortable,  b)  Jol.n  Sen>»x, 

Ovid’s  Metamorphofis,  Englilli,  2  \  ol.  — 

- - —  Epiflles  Engl.  - — —  -  ' 

; _ -  Art  of  Love  with  Cuts,  — - 

Ovidii  Epiftobe  Notis  Delphini,  -  - 

PiAtrick’s  Pfalms,  .  — -  ' 

- Paraphrafes  in  2  Vol.  - -  — — — — 

- Witneffes  to  Chriftianity,  -  - - 

- - Grotius  in  Englifh,  -  - - - 


FoL 
12  mo* 

very 
4  to* 
1 2  mo  a 
12  mo, 
\7mo„ 
8  vcl 

1 2  mi  * 

4  to. 
.  8  vc* 

Sl\? 


A  4. 


*IIesrS 


-Heart’s  Eafe,  —  .. 

-Devout  Chriflian,  _ 
-Chriflian  Sacrifice, 

“Advice  to  a  Friend, 
-Frequent  Communion,  a” 
“Of  Repentance, 

-Of  Prayer, 

Help  to  young  Beginners, 


Phillips’s  Englilh  Dictionary, 


1 2mo* 
1 2  mol 
1 2  mo, 
1 2  mol 
1 2mo, 
1 2  mo* 
12  mo* 
24  0. 

r  /'O  *  J  )  *—  ' — ■■■■-!•  — »  Foie 

1  oems  on  feveral  Occalions,  by  Mr.  Pomfret,  Author  of  the  Choice, 

I  2  mo 

Plutarch  s  Lives  and  Morals,  printed  on  an  Elzevir  Letter,  10  Vol. 

1 2mo„ 

1  uftendorfr  s  Law  of  Mature  and  Nations,  .  f0jt 

— Abridg’d  in  2  Vols.  . _ ,  %yoi 

Plautus’s  Comedies,  done  into  Englilh  by  Mr.  Eachard,— — ~-~i2/^, 

F)  y»  rt  ^  a.  «  «  y\  /  \  1  *  1  IT  1  1  ^  ■«  •  ^ 


Pitcairne  (Dr.)  his  Works  Englilh,  __  uva. 

Pietas  Londinenfis  :  1  he  preterit  Ecclefiaftical  State  of  London, \2mo‘a 

Peerage  of  England,  2  Vol.  _ _ „  ..  gw. 

Plays  in  Pocket  Volumes,  written  by  Shakefpear,  Addifon,  Otways 
Congreve,  Southerne,  Farqhuar,  Steel,  Etheridge,  Cibber,  Van» 
brugh,  Row,  Dryden,  Shadwell,  Mountfort,  •  -  \2mo . 

Poet±  minores,  Gr.  6c  Lat.  _ _ '  — .  gw’ 

Pills  to  purge  Melancholy,  6  Vol.  .  \2mo- 

Prideaux’s  Connection  of  the  Old  and  New  Teltament,  in  Fob  and 


8  vo. 


PufFendorfF’s  Introduction  to  the  Hiltory  of  Europe,  continued,  8m 

Penkethman’s  Teds,  — - -  - - -  ,  imo, 

leal  Ion  ( Archdeacon)  his  Sermons  on  feveral  Occahons,  preached  in 

the  Cathedral  of  York,  — — - -  ________  %vo 

Prior’s  Poemg.  .  —  ,  , 

Perspective  made  ealy,  by  Father  Lamy,  adorned  with  Cuts,  8 vol 
1  relent  State  ol  the  Britifii  Court,  being  ah  exaCt  Lift  of  all  the  Of¬ 
ficers,  Civil  and  Military,  . . .  . 8  vo, 

1  iCtuies  of  his  Majcfly,  and  their  Royal  Highnefs  the  Prince  and 
I  nncels,  in  Miniature,  exquifitely  performed. 

A  Plan  or  the  City  of  Salisbury ,  with  a  View  of  the  Cathedral ,  and 
d  Survey  01  the  River  Avon,  from  Salisbury  to  the  Sea. 

"  P°cket  Atlas,  or  a  fmall  Set  of  Maps  of  the  World,  and  its 
Quarters.  Done  according  to  the  lateft  Obfervations 

Uincy,_(Dr.)  his  Difpenfatory,  .  — — -  g^. 

His  Phyfical  Dictionary,  -  .  gv/*. 

~His  Anfwer  to  Dr.  Woodward’s  State  of  Phyfick,  &c.  8m 
~  ^  His  Ti  anfiation  of  SanCtorius’s  Aphorifms,  with  large  Explana» 

tions,  the  2d  Edition,  with  large  Additions,  - - .  -  8 vo, 

Quintus  Curtius  Delphini,  «_ _ __  ,  gm 

T >  Of  common’s  Works,  .  .  gw“ 


„r.  0 *  the  Committee  of  Secrecy,  by  the  Rt.  Hon.  R« 

Walpole,  Efqj  »*■■«■■■■«»  Folio  and  12  me* 


( 9 ) 


Raphfon’s  Analyfis  Aquationum 
-Demonllratio  de  Deo, 


4/0* 

4  to» 


Rawbone’s  Path  to  Liberty  :  Or  the  Method  of  Man’s  Redemption 

bv  the  Lord  Jefus  Chrift, - - - —  8w; 

The  Retired  Gardiner,  being  Dialogues  between  a  Gentleman  and 
a  Gardiner,  containing  Rules  for  making  and  improving  Gardens, 
with  the  Manner  of  planting  and  cultivating  molt  kinds  of  blow¬ 
ers  Plants,  Shrubs,  Underlhrubs,  &c.  formerly  publiihed  by  G. 
London,  and  Henry  Wife,  the  2d  Edition,  revifed  by  Joleph  Car¬ 
penter,  adorned  with  Cuts,  — — —  -  VOm 

Robertfon’s  Hebrew  Pfalter,  - 7—  — -  I2w£?* 

Reeve’s  Tranflation  of  the  Apologies  ot  luftin  Martyr,  Tertullian, 
Minucius  Fcelix,  and  Vincentius  Lirinenlis,  in  Defence  of  the 
Chriftian  Religion  *,  with  a  Prefatory  Diflertation  concerning^ 
right  Die  of  the  Fathers,  2  Vols  - - - 

Reflexions  on  Ridicule,  - •  . 

SAncroft  (Abp.)  his  Sermons  on  feveral  Occaiions, - 

Sandtord’s  Genealogical  Hiitory  ot  England,  — — . 

Suetonius  in  Englifli,  - -  ' 


Suetonius  Delphini, 
Selden’s  Table  Talk, 
Salmon’s  Herbal, 


8  ito. 

12  mo» 
-  8  vo» 

.  Eel» 
\2rne» 
8  vo» 
12  mo» 
Ed. 

Sac  red'  Geography?  in  6  MaPs>  vdrf  u11'Fli1  for  ths  better  undemand¬ 
ing  the  Holy  Bible.  .  .  ..  .  , 

Spinckes’s  Pick  Man  vifited,  and  turnifhed  with  Meditations  and 
Prayers  tuitable  to  his  Condition,  for  putting  hmi  in  M.ind  ol 
his  Change,  for  fupporting  him  under  liis  D  idem  per,  and.  prepa¬ 
ring  him  for,  and  carrying  him  through  hislafl  ConfliX  with 

Death,  -  -  -  \vo * 

Stanyan’s  Account  of  Switzerland,  -  - : - ;  ym 

Supplement  to  Nelfon’s  Feflivals,  beinga  Companion  for  the  Lords 

Diy,  8m 

Slmttleworth’s  ElTay  on  a  Comprehenfion,  -  8m 

SpeXators  in  8  Vols.  — -  *  ;  ,  12 m0k 

SuDplement  to  Dugdale's  Monaflicon,  2  Vols.  FJ.  m  tue  I  rets. 

The  Spanilh  Pole-cat  }  being  the  Adventures  of  Seigniora  Rubi- 

na,  -  12^. 

Salmon’s  Country  Phyfician,  -  - 

■ - His  Ars  Anatomica,  “  *  — - * 

Schrevelius’s  Lexicon,  " 

Stanhope’s  St.  Auflin, -  8m 


-His  Thomas  a  Kempis, 


_  S vo,  and  \2rno» 

Sir  John  Suckling’s  Works,  containing  his  Plays,  Poems,  and  Love- 

I^etters,  - -  - 7—;  i2mo. 

5  win  den’s  Enquiry  into  the  Nature  and  Place  of  Hell,  -  to. 

The  S  lar  ^yjlem  :  With  the  Orbits  of  the  Comets  and  planets  be¬ 
longing  thereto  :  Defcriffd  from  Dr.  Halley's  accurate  Table  of 
Comets,  Ebiloj'op/j .  Tran} ad.  Nuni.  297.  founded  on  Sir  !faac  Afcw- 
tgrf s  Wonderful  Difcoveries.  By  William  Jfbifton ,  M.  A. 

Mr. 
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Mr„  Senex* s  Thirty  one  new  and  accurate  Maps,  vrp. 


The  Country  about  Paris2 
Spain  and  Portugal. 
Caflile  New  and  Old. 
Italy, 

Germany , 

Denmark , 

Sweden , 

Poland , 

Hungary , 


Europe 3 
Afia, 

Africa, 

America,  North  and  South 
Great  Britain , 

Ireland , 

Ten  Span  if»  Provinces , 

Flanders, 

Artois 3  _  _ 

Hainault,  with  the  Country  about  Mufcovy , 

Namur  and  Cambray ,  Turkey  in  Europe , 

The  Seven  United  Provinces,  2#ri^  with  and  Per/7^ 

France , 

Sacred  Geography  ;  contain’d  in  6  Maps, 

lfl-  Shewing  the  Situation  of  Paradife ,  and  the  Country  inhabi- 
bited  by  the  Patriarchs . 

2d.  The  peopling  of  the  World  by  the  Sons  of  AW/a,  and  the 
Israelites  journeying  in  the  Wildernefs. 

3^-  A  Plan  of  the  City  of  Jerufalem  :  With  a  View  of  Solomons 
Temple,  and  all  the  facred  Utenfils  therein. 

4^7.  The. Holy  Land  divided  into  the  Twelve  Tribes  of  in 

which  is  exactly  traced  our  Saviour’s  Travels. 

5  th.  The  Land  of  Canaan, 

'6th.  The  Travels  of  St.  Paul,  and  the  red  of  the  Apodles.  The 
whole  very  neceffary  for  the  better  underftanding  of  the  Holy 
Bible. 

I^Urretin’s  Oration  of  compofing  Differences  among  Prote- 
dants,  _ _ _  _____  ^to 

—His  Oration  of  the  different  Fates  of  the  Chridian  Religion,  4*0 
Tryal  of  the  Duke  ol  Norfolk,  for  attempting  to  marry  Mary 

Queen  of  Scots,  - - -  '  - - -  8  vl 

1  artanan  Tales  —  - - -  I2ww 

Taylor,  ( Bp.)  His  holy  Living  and  Dying,  %vo 

—His  Golden  Grove,  — —  '  __  i?mo[ 

'—-His  Liberty  of  Prophecying,  -  ______  g vo[ 

——His  Life  of  Chrid,  preparing  for  the  Prefs,  and  adorned  with 
Copperplates,  newly  engraved  and  defigned  by  the  bed  Hands.  Foh 

— — Cafes  of  Confidence,  ^  _ _  ______  Fol 

~~ — Do&rineof  Repentance.  . 

Sir  Wm.  Temple’s  Works,  2  Vols.  _  .  Folio- 

~  -Irgil,  Notis  Binaldi,  _ _ _  _ _  A 


V 


a,7.,Va7rbmgh’  CSirjohn;  his  Plays,  viz.  Relapfe,  the  provok’d 
Wife, _  dilop  m  two  Parts,  the  Confederacy,  the  fade  Friend,  and 
the  Mtftake,  _ .... 

Virgil  m  U fum  Delphini,  - 

Liber,  f Archbp.)  his  Life  and  Letters,  .  Folio. 

Totes  of  the  Houle  of  Commons,  1715,  16,  17,  18  -  Ecl\ 
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Univerfal  Library,  in  2  Vols.  -  — _ _  %vo* 

Vitruvius  Britannicus  :  Or,  The  Britijb  Architett  ;  containing  the 
Plan,  Elevation,  and  Sections  of  the  regular  Buildings,  both  pub- 
lick  and  private,  in  Great  Britain  :  With  Variety  of  new  Defigns, 
in  200  large  Folio  Flates,  engraven  by  the  bed  Hands,  and  drawn 
either  from  the  Buildings  themfelves,  or  the  Original  Defigns  of 
the  Architect.  In  two  Volumes. 

WHidon’s  Agronomical  Principles  of  Religion,  with  Cuts,  8 vo, 

- His  Aftronomical  Lemures. 

- His  Elements  of  Euclid,  with  Tacquet’s  Comment. 

■ - His  Demondration  of  Sir  liaac  Newton’s  Philofophy. 

- His  Account  of  the  Meteor  in  March  1715.16. 

- Ditto  1718-19. 

- His  Addrefs  to  the  Princes  of  Europe. 

- His  two  Letters  to  the  Bifhop  of  London. 

- His  Letter  to  the  E.  of  Nottingham. 


-His  Account  of  Dr.  Sacheverell’s  Proceedings 


22, 

holm 


His  Paraphrafe  on  the  id  Epidle  of  St.  John. 

— His  Origin  of  the  Sabellian  and  Athanalian  Doctrines. 

— His  Calculation  of  the  great  Eclipfe  of  the  Sun,  April 
1 7 1 5 .  With  its  Condruction  for  London ,  ifowe,  and  Stock- 


pril 


Wingate’s  Arithmetick,  with  Shelly’s  Supplement. 
Winchelfea,  (Lady)  her  Poems  on  feveral  Occalions, 

Wit’s  Common  Wealth,  _  _ 

Wake,  (Archbp.)  his  Sermons  on  leveral  Occafions, 

Wife’s  Sermons  on  feveral  Occafions,  - 

W’ilkins,  (Bp.)  of  Prayer  and  Preaching, 

W’hitby  on  the  New  Tedament,  2  Vols.  - 

-His  Additions,  with  Examen  Millii, 


-His  complete  Account  of  the  great  Eclipfe  of  the  Sun,  A- 
21,1715.. 

-His  Scripture  Politicks,  addrefs’d  to  the  Bifhop  of  Bangor. 

— .  8  vo, 
— —  %vo* 
12  mo, 

_  8  vo. 

8  vo. 

.  8  njo» 

Folio - 
Fclio * 
—  8  vo, 
8  vo. 

I  2mo. 
Improve- 

—  o  VO, 

Com- 
1 2  mo, 
of  the 

and 

%vo . 
%vc* 

8  vc* 


and 


Wells’s  Dionydus  de  Situ  Orbis,  cum  Tabulis^  - 

Wentworth’s  Office  of  Executors,  - - 

Ward’s  England’s  Reformation,  2  Vols,  . 

Warder’s  Monarchy  of  Bees,  being  a  new  Difcovery  and 

ment  of  thofe  wonderful  Creatures,  4th  Edition,  - 

Ward’s  Clavis  Ufurae,  or  Key  to  Intered,  both  Simple 

pound,  -  -  ■ 

W  ilfon’s  Commentary  on  the  Revelations,  giving  an  Account 
Accomplidiment  ot'  feveral  Scripture  Prophecies,  — * 

Way  to  be  wile  and  wealthy,  or  the  Excellency  of  Indudry 

Frugality,  - -  - 

Wilkinfon’s  Office  of  Sheriffs,  . .  —  — .  - - 

W’atfon’s  Clergyman’s  Law,  - -  ■  ■  - 

Oung’s  Sermons,  2  Vols.  - - -  - . 


The a* 


BOOKS  lately  Panted ,  &c. 

H  E  Works  of  the  Right  Reverend  Father  in  God,  Dr. 
William  Beveridge,  late  Lord'  Bifhop  of  St.  Aiaph,.  Con¬ 
taining  all  his  Sermons,  as  well  thofe  publiihed  by  him- 
fell,  as  thofe  iince  his  Death.  Now  fir  ft  correftedly 
printed,  in  two  Volumes,  Folio.  With  a  Preface,  giving 
feme  Account  of  the  Author,  and  his  Writings.  As  alfo  three 
ufeful  Tables.  I.  The  Contents  or  the  feveral  Difcourfes.  II.  Of 
the  Texts  of  Scripture  occafionally  explain’d.  III.  An  Alphabeti¬ 
cal  Index  to  the  Whole. 

His  private  Thoughts  :  In  Two  Parts  complete.  Part  L 
Upon  Religion,  d;gefted  into  Twelve  Articles,  with  pra&ical  Re- 
folutions  thereupon.  Part  II.  Upon  a  Chriftian  Life  ;  or  neceflary 
Dire&ions  for  its  Beginning  and  progrefs  upon  Earth,  in  order  to  its 
final  perfection  in  the Beatifick  Vifion.  The  Tenth  Edit.  —  12 mo. 

Difcourfes  concerning  the  ever-bleffed  Trinity,  viz.  T.  The  Folly  oj 
Atheifm.  II.  The  Name,  Nature,  and  Being  of  God.  X\\.  The  Trini¬ 
ty  in  Chiity .  IV.  Baptifm  in  the  Trinity.  V.  The  Word  ever  God . 
VI.  Je Jus  Chrift  equal  with  God .  VII.  Jefus  Chrift  the  Image  of  Gcdl 
VII L  The  Angelical  Worfbip  of  Jefus  Chrifi.  IX.  The  Word  made 
Flefh .  X.  The  Spirit  of  Truth  a  divine  Per  fen.  XL  The  Holy  Gboft 
the  Paraclete,  XU.  The  Punijbment  of  Apcftacy.  Ufeful  for  all,  but 
efpeciaily  the  fenfible  Laity.  By  the  Author  of  The  Divine  Right 
of  Epifcopacy .  — —  - - —  — _ ^  Svo,. 

Chriftian  Converfation  ;  In  Six  Dialogues.  I.  Between  a  doubting 
Chriftian,  and  one  more  confirmed,  about  Alfurance.  II.  Between  the 
fame  Perfons  ubout  Mortification.  III.  Between  Eutocus  and  Fide¬ 
lius,  about  Natural  Things  Spiritualized.  IV.  Between  Simplicius 
and  Ccnfocius,  about  Union.  V.  Between  Thlipfius  and  Melan- 
drus,  about  Affii&ions.  VI.  Between  Athanafius  and  Bictes,  about 
Death.  By  a  private  Gentleman.  - - \2mo. 

The  Religious  Philosopher  :  or,  The  right  Ufe  of  contemplating 
the  W  orks  of  the  Creator -  I.  In  the  wonderful  Structure  of  Animal 
Bodies,  and  in  particular  M  A  N.  II.  In  ike  no  lejs  wonderful  and 
wife  Formation  of  the  Elements,  and  their  various  Effcds  upon  Animal 
md  Vegetable  Bodies.  And ,  III.  In  the  moft  amaftmg  Structure  of 
the  Heavens,  with  all  its  Furniture.  Defigned  for  the  Ccnvittion  of 
St h sifts  and  Infidels ,  Throughout  which  all  the  late  Difcoverie$  in 
Anatomy ,  Philofophy „  and  Aftronomy  ;  together  with  the  various  Ex¬ 
periments  made  ufe  of  to  illuflrate  the  fame-,  are  moft  copioufly  han- 
'  died 
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riled,  by  that  learned  Mathematician,  Dr.  Nieuxoentyt.  Tranfkted 
from  the  Original,  by  John  Chamberlaine,  Efq*  F.R.S .  To  which 
is  prefixed,  si  Letter  to  the  Tranflator ,  by  the  Keverend  J.  T.  Deja- 
guliers,  LL.  D.  F.  R.  S.  and  Chaplain  to  his  Grace  the  Duke  of  Chan - 
dois.  Adorn’d  with  Cuts.  In  three  Volumes.  The  3d  Edition.  8 vo. 

The  Farriers  New  Guide  :  containing,  Fir ft,  The  Anatomy  of  a 
FJorfe,  being  an  exad  and  compendious  Defcription  of  all  his  parts; 
with  their  Adions  and  Ufes,  illuilrated  with  Figures  curioufly  en¬ 
graven  on  Copper-plates.  Secondly ,  An  Account  of  all  the  Difeafes 
incident  to  Horfes ,  with  their  Signs,  Caules ,  and  Methods  of  Cure  ; 
wherein  many  Defeds  in  the  Farriers  Pradice  are  now  carefully  fup- 
plied,  their  Errors  expofed  and  amended,  and  the  Art  greatly  im¬ 
proved  and  advanced,  according  to  the  lateft  Difcoveries.  The 
whole  interfpers’d  with  many  curious  and  ufetul  Observations  con¬ 
cerning  Feeding  and  Exercife ,  &c.  by  W.  Gibfon,  '  —  8 vo. 

The  Farriers  Difpenfatory  :  In  Three  Parts,  containing,  I.  A 
Defcription  of  the  medicinal  Simples,  commonly  made  Die  of  in  the 
Difeafes  of  Horfes,  with  their  Virtues,  and  Manner  of  Operation,  di- 
flributed  into  proper  Claifes,  C5 V.  II.  The  Preparations  of  Simples, 
lregetable ,  Animal,  and  Mineral ;  with  an  Explanation  of  the  mod 
ufual  Terms,  both  in  the  Chymical  and  Gale  meal  Pharmacy.  III.  A 
Number  of  uleful  Compofitions  and  Receipts,  fuited  to  the  Cure  of 
all  Difeafes,  never  before  publifhed  ;  asalfo  thofe  of  greated  Account 
from  Solleyfef  Ruini ,  Blundevill ,  and  other  mod  celebrated  Authors, 
digeded  under  their  proper  Pleads  of  Pcwders,  Balls ,  Drinks,  Oint¬ 
ments ,  Charges ,  Tl.»e  proper  Method  of  compounding  and  ma¬ 

king  them.  With  many  other  ufefulObfervations  and  Improvements, 
tending  to  their  right  Adminidration.  To  which  is  alfo  added,  A 
complete  Index  of  all  the  Medicines  contained  in  the  Book,  whether 
Simple  or  Compound ,  with  a  Table  of  Difeafes  pointing  to  the  Reme¬ 
dies  proper  in  each  Malady.  By  the  fame  Author.  - .  8 vo. 

Mathematical  Elements  of  Natural  Philofophy  confirmed  by  Expe¬ 
riments,  or  an  Introduction  to  Sir  Ifaac  Newt  ns  Philofophy.  Writen 
in  Latin  by  William- Jam  s’s  Gravefande,  Do&or  of  Laws  and  Philo¬ 
fophy,  Profefibr  of  Mathematicks  and  Aidronomy  at  Leyden,  and 
F.  R.  S.  of  London.  Tranflated  into  Englijh  by  J.  T.  Dejaguliers , 
LL.  D.  F.  R.  S.  and  Chaplain  to  his  Giace  the  Duke  of  Chandois.  8 vo. 

Phyfico-Mechanical  Experiments  on  various  cubje&s.  Containing 
an  Account  of  feveral  furprizing  Phaenomena  touching  Light  and  E- 
le&ricit),  producible  on  the  Attrition  of  Bodies  With  many  other 
remarkable  Appearances,  not  before  obferv’d.  1  ogether  with  the 
Explanations  of  all  the  Machines,  (the  1  iguresof  which  are  curiouf¬ 
ly  engrav’d  on  Copper,)  and  other  Apparatus  us  d  in  making  the  Ex- 

perimenxs. 
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periments.  1  o  which  is  added  a  Supplement,  containing  feveral  New 
Experiments  not  in  the  former  Edition.  The  Second  Edition  By 
T  Hauksbee ,  F.  R.  S.  •  _  . 


A  Treatife  of  the  Motion  of  Water,  and  other  Fluids:  With  the 
Origin  of  Fountains  and  Springs,  and  the  Caufe  of  Winds.  In  which 
Treatife,  the  Manner  of  Levelling  and  Conducing  Rivers,  in  Order 
to  make  them  Navigable  ;  the  making  of  Aquedu&s  for  the  Supply 
or  Gentlemens  Seats  ;  the  whole  Art  of  contriving  and  making  Jetts 
of  Water  for  Fountains  ;  and  the  Manner  how  to  proportion  the 
Strength  of  Pipes  for  conveying  Water  from  any  Height,  are 
plainly  demonftrated  from  the  Laws  of  Hydroftaticks , "  by  above  100 
curious  Experiments.  Written  originally  in  French,  by  the  Learned 
M,  Marriott s.  Member  of  the  Royal  Academy  at  Raris .  And  Tran- 
flated  into  Englijh ,  with  feveral  Annotations  for  Explaining  the 
doubtful  Places,  By  J.  T.  Defaulters,  LL.  D.  F.  R.  S.  Chaplain  to 
Ins  Grace  the  Duke  r>f rMffrG'r -  -  g^ 

Trigonometry  Improv'd,  and  the  Projection  of  the  Sphere,  made  eafy. 
leaching  the  Projedion  of  the  Sphere  Orthographick,  and  Stereo- 
graphick  .  As  alio.  Trigonometry  Plain  and  Spherical  ;  with  plain 
and  intelligible  Reafons  for  the  various  and  moft  uieful  Methods 
both  in  Projection  and  Calculation;  with  the  Application  of  the 
whole  toAftronomy,  Dialling,  and  Geography.  By  if.  Wilfcn.  12 mo. 

The  London  Accomptant :  Or,  Arithmetick  in  all  its  Parts.  Vi\. 
In  whole  Numbers  and  Fractions,  Vulgar  and  Decimal,  with  the 
Extraction  of  the  Square  and  Cube  Root,  not  only  taught,  but  the 
Reafons  of  the  Operations  demonftrated,  and  made  intelligible  to  all 
Capacities.  By  the  fame  Author.  _ — — .  j  2mo* 

The  Poetical  Works  of  Mr.  J 'ohn  Milton,  in  2  Vol.  Containing 
l.  Earadife  Loft  ;  with  Notes  by  the  late  Rt.  Hon.  Mr.  Secretary  Ad- 
difen.  11.  Raradife  Regained  :  To  which  is  added  S’amfen  Agoniftes  * 
And  Poems  on  feveral  Occafions  ;  with  a  Tra&ate  of  Education * 
Adorned  with  Cuts.  — — . _  ...  1 2mo^ 

Gecdxfia  ;  or  the  Art  of  Surveying  and  Meafuring  of  Land  made 
eafie.  Shewing,  by  plain  and  pra&ical  Rules,  how  to  Survey, 
Protraa,  Caft  up,  reduce  or  divide  any  Piece  of  Land  whatfo- 
%  ver;  with  new  I  abies  for  the  eafe  of  the  Surveyor  in  reducing 
tne  ^Meafures  of  Land.  Moreover,  a  more  facile  and  fure  Way 
Os  ^  Sui  veying  by  the  Chain,  than  has  hitherto  been  Taught.  As 
f{ ‘ o  i}ow  to  Ly  ^out  new  Lands  in  America  or  elfewhere  ; 
10  make  a  per  feet  .  Map  of  a  River’s  Mouth  or  Harbour  ; 
-ndieveral  other  Things  never  yet  Puhlifh’d  in  our  Language,, 
by  ^  ohn  Love.  I  lie  1  bird  Edition,  with  Additions.  — — . —  iW. 

The 
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The  Life,  Adventures,  and  Pyracies,  of  the  Famous  Captain 
Singleton :  Containing  an  Account  of  his  being  let  on  Shore  in  the 
1  Hand  o f  Madagafcar,  his  Settlement  there,  with  a  Defcription  of 
the  Place  and  Inhabitants:  Of  his  paflage  from  thence,  in  a  Para¬ 
guay,  to  the  main  Land  of  Af  rica ,  with  an  Account  of  the  Cu- 
iloms  and  manners  of  the  People  :  His  great  Deliverance  from  the 
barbarous  Natives  and  wild  Beads  :  Of  his  meeting  with  an  Eng- 
lifhman ,  a  Citizen  of  London  among  the  Indians ,  the  great  Riches 
he  acquired,  and  his  Voyage  Home  to  England:  As  alio  Captain 
Singleton's  Return  to  Sea,  with  an  Account  of  his  many  Adven¬ 
tures  and  Pyracies  with  the  famous  Capt.  Avery  and  others.  Stw. 

The  Hidory  of  the  Wars,  of  his  late  Majedy  Charles  XII.  King 
ot  Sweden,  from  his  firfl  Landing  in  Denmark,  to  his  Return  from 
Turkey  to  Pomerania,  The  Second  Edition.  With  a  Continuation 
to  the  Time  of  his  Death.  By  a  Scots  Gentleman  in  the  Srve- 
dijh  Service.  >  - - -  _  8w. 

The  Baronettage  of  England,  being  an  Hidorical  and  Genealo¬ 
gical  Account  of  Baronets,  from  their  fird  Inditution  in  the  Reign  of 
K.  James  I.  with  their  Coats  of  Arms  and  Creds  Engraved  and 
Blazoned.  2  Vol.  - ■  —  ..  . .  8w. 

Memoirs  of  a  Cavalier  ;  or  a  Military  Journal  of  the  Wars  in 
Germany,  and  the  Wars  in  England,  from  the  Year  1632  to  1648. 
Written  threefcore  Years  ago  by  an  Englifh  Gentleman,  who  fer- 
ved  in  the  Army  of  Gudavus  Adolphus  the  Glorious  K.  of  Swe¬ 
den  till  his  Death,  and  after  that  in  the  Royal  Army  of  K.  Charles 
theFird.  » — . -  »-  . —  ——8  vo. 

Crufoe’s  Mifcellanies,  wrote  during  his  Solitude  in  the  Ifland, 
with  his  Vidon  of  the  Angelick  World,  to  which  is  prefix'd  a 
Erontifpiece,  reprefenting  the  mod  remarkable  Incidents  of'  his 
Life.  ■  ~~  —  ■■■■--■  8 

Gardening  inprov’d  ;  containing  I.  The  Clergyman’s  Recreation  ; 
fhewing  the  Pleafure  and  Profit  of  the  Art  of  Gardening.  Where¬ 
in  is  treated,  1.  Of  preparing  the  Ground  for  Planting  and 
Sowing.  2.  Of  the  Method  of  planting  Fruit-Trees  in  Gardens, 
3.  Of  the  mod  agreeable  Difpofition  for  a  Garden.  4.  Of 
Nurferies.  Of  Pruning.  6.  Of  Grafting  and  Inoculating.  7 
Of  the  proper  Difpofition  of  Trees  againd  a  Wall,  the  bed  Kinds 
of  each,  their  Order  and  Time  of  ripening,  C 5V.  II.  The  Gentle 
man's  Recreation  :  Or,  The  Second  part  ot  the  Art  of  Gardening 
improved.  Containing  feveral  New  Experiments  and  curious  Obfer- 
vations  relating  to  Fruit  Trees  ;  particularly  a  new  Method  of 
Building  Walls  with  Horizontal  Shelters.  Uiudrated  with  Copper 

Plates* 
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Flates.  Both  written  by  f ohn  Lawrence,  M.  A.  Reiftor  of  Telvertofi 
iji  Northamptonjlrire.  III.  The  Lady's  Recreation  i  Or,  The  Art  of 
(hardening  farther  Improved.  Containing  the  heft  Ways  of  propa¬ 
gating  all  Sorts  of  Flowers,  Flower-Trees  and  Shrubs,  The. 

in  alt  commodious  Methods  for  Ere&ing  Green-Houfes,  Cfc.  Of 
Plantations  in  Avenues,  Walks,  Wilder nelfes,  &c.  With  the  Gar- 
tfener’s  compleat  Calendar:  Or,  "the  Art  of  managing  both  the 
Fruit.  Gar  den  and  Kitchen-Garden  every  Month  in  the  Year.  By 
Charles  Evelyn,  Efq-,  To  which  is  added,  A  Letter  to  the  Author, 
containing  fome  curious  Obfervations  concerning^  A  ariegated  Greens, 
by  J.  Lawrence,  M,  A.  Re&or  of  Telvertoft  in  Nortbamptonfkire .  S voi 


An  exa<ft  Defcription  of  all  the  Fixed  Stars,  to  which  the  Moon 
or  Planets  can  at  any  l  ime  apply,  carefully  laid  down  in  two 
large  Sheets,  from  the  Britijh  Catalogue  of  Stars  lately  publifh’d  ; 
being  of  Ule  to  all  Lovers  of  Aftronomy,  and  particularly  to  iuch, 
as  ma)  be  defirous  to  put  in  practice  the  Art  of  finding  the  Lon- 
gitude  at  Sea  by  Help  of  the  Moon.  By  Edm.  Halley,  L.  L.  Dp 
Savilian  Profeflor  of  Geometry  at  Oxford,  F.  R.S. 

A  Profpedt  of  Mount  At  bos,  called  Monte  Santo ,  or  the  Holy  Moun¬ 
tain.  N.  B.  This  moil  famous  Mountain  is  called  Athcs,  from  A~ 
then  a  Son  of  Neptune,  fituate  in  Macedonia ,  lying  direftly  Weft 
from  Lemnos,  and  fo  high,  that  tho’  it  be  j:co  Furlongs  Defcent, 
yet  a.  little  before  the  Setting  of  the  Sun,  it  cafts  a  Shadow  over 
the  greateft  Part  of  the  i (land  :  It  is  above  three  Days  Journey  in 
Length,  and  half  a  Day’s  Journey  over,  the  Top  whereof  refem- 
bles  two  Pyramids-,  and  what  is  prodigious,  a  vaft  lorrent  ofmoft 
clear  Water  flows  from  the  Point  of  the  Mountain.  It  is  inhabi¬ 
ted  by  the  Clergy  of  the  Greek  Church,  fubjeift  to  the  Patriarch 
of  Conjiantinoplel  in  Number  about  fix  Thouiand,  who  never  eat 
Fldli,  and  great  part  of  the  Year  eat  no  Filh  ;  they  never  marry, 
are  moft  exa£t  in  obferving  the  facred  Inftitutions  of  the  Church 
of  Thrift ,  of  which  this  is  a  glorious  Branch.  1  he  Clergy  of 
this  Place,  for  their  Stri&nefs  of  Life,  and  pure  Primitive  Piety, 
are  greatly  reverenced  and  relieved  by  many  Chriftian  Princes  :  In 
their  Monafteries  they  have  preferved  many  ancient  and  curious 
Manufcripts.  To  conclude,  they  are  at  this  Day  very  zealous 
Labourers  in  the  Vineyard  of  Chrift.  Done  from  the  original. 
Drawing,  brought  over  by  the  Reverend  Gennadi  us,  Archimandr.it  q 
of  Alexandria,  now  in  London. 
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